

















‘Pub’ ELecTRIGALLY DRI 


- machine 
profile cutting m 


Any thickness of steel up to 3” 
Maximum straight cut 40” 

Maximum circle 26” dia 

Maximum square 26 

Maximum rectangular cut 2 7” x 2’ 2° 


£155 -0-0 «.».... 


Complete with for 


use with steel templates and tracing head 
for use with wooden templates 


the B G. 


The “CUB” is the ideal cutting machine for the smallet 
engineering eth hop or maintenance department. Though 
simple in design it embodies all the qualities essential for clean, 
accurate and economical profile cutting. The “CUB” ts 
suitable for use with acetylene, propane or coal gases. 


Descriptive leaflet available. Demonstration on request. 


If you have a problem B.1.G. technical staff 
will be pleased to help. 


- _ British Industrial Gases Limited 





700, GT. CAMBRIDGE RD, ENFIELD, MIDDX. Telephone ENField 4022, Telex: 22838 


Sales and Technical Assistance available in most areas 
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IF YOU CUT, GOUGE, BEVEL 


i | 
\ or GROOVE Metals- THE 


A [CULT torcH 


\ will save you money! 


S Arair ¥ 


LINCOLN ELECTRIC CO.LTD. 


BLACK FAN ROAD: WELWYN GARDEN CITY: HERTS 
iti TELEPHONE: WELWYN GARDEN 920/4 : 4581/5 
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SATURN 


SERVICE 


to welders 


Ai 


- 





Now three models of the proven Saturn-Hivolt Surge injector argon-are welding 
machines to choose from. Ask to see a demonstration in your own factory. Also a wide range of welding and 
cutting equipment including the B.G.T. range. Plus prompt delivery of industrial gases including Pyrogas, 
Nitrogen and Argon (Super purity and Commercial). And remember there are Saturn branches throughout 


the country. You can rely on speedy, efficient delivery and maintenance service wherever you are. 


SATURN INDUSTRIAL GASES LTD 


Gordon Road, Southall, Middiesex. Telephone: Southall S6tt 


Branches: 

GLASGOW, ALDRIDGE, MANCHESTER, SHEFFIELD, LYMINGTON, 

SUNDERLAND, THORNABY-ON-TEES. $1G.2 
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CUTTING 
BLOWPIPES 


TiB.113 
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Use Milne cutters and you'll want no others; for these beautifully 
designed, well balanced and robust blowpipes are a joy to handle. 
Illustrated here is a part of the range of Milne cutters which includes 
models to cut from 30 gauge to 28” thick. 

We also manufacture cutting and profiling machines, blowpipes for 
brazing, lead burning, soft and silver soldering, plastic welding, 
general welding, heating etc. Also regulators, gas economisers, valves 
for pipe lines etc. 


To provide a comprehensive welding service to meet all the varied 
requirements of the Engineering and Allied Industries we can also offer 
Electric-Are and Resistance Welding Plant and Equipment. 


For full information and details write to: 


Cc. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding & Cutting Plant and Equipment. 

Stockists & Suppliers of Electric Arc & Resi e Welding Equip ‘ 

Harley Works, Octavius Street, Deptford, London, S.E 
Telephone: TiIDeway 3852 

Also at 172/174 West Regent Street, Glasgow, C.2. 








This new Booklet... 


... gives full information on 
methods of joining Wiggin high- 
nickel alloys. It includes detailed 
recommendations for Monel, 
nickel, Inconel, Corrone! B, 
the Nimonic series of high- 


temperature alloys and _ the 





Brightray series of electrical 


resistance materials 


ee 


/ Copies will 
gladly be sent 
on request 


\ ™ ee: 


~ = = a EN Le ee ee : : 


hie To: Henry Wiggin & Company Limited, Publications 
Department, Wiggin Street, Birmingham 16 








Please senda me a copy Weiding, Brazing and Soldering of Wiggin Nickel Alloys Publication No 








4S HENRY WIGGIN & COMPANY LIMITED wiccw srecer. siesuncnaw 1 
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WHEN YOU ARE 


—THINK OF HARVEY 





Harveys have the ‘know-how’, the space, the 
equipment and the skilled men to produce large 
fabricated assemblies with efficiency. 

Assemblies up to 120 tons can be handled im one 
piece, and completed down to final machining. 
Full equipment is maintained for automatic 
welding, and stationary and portable X-ray units 
are supplemented by Radioisotopes for non- 
destructive testing. 

Harvey engineers are always available to discuss 
your fabrication problems, and to advise how we 
can best help you. 


Left: Amuld steel jacketed Autoclave to Class 1 construction 
with electrically driven stirring gear. 

Below: This Ethylene Oxide Reactor weighs 135 tons, ts 
9 ft. 6 ins. in diameter and contains over 1§ miles of 1} in. 
dia. catalyst tube. 


x i; oe zi 


HARVEY FACILITIES AND PRODUCTS 


CLASS I WELDED PRESSURE VESSELS TO 
LLOYD’S AND A.S.M.E. CODES * HEAT 
TREATMENT AND RADIOGRAPHY ~*  DIE- 
PRESSED AND ‘ROTARPREST’ HEADS UP TO 
1§ FT. DIA. — Larger sizes to specification 
WELDED PRESSURE VESSELS AND FABRICA- 
TIONS IN ALL METALS ~- STEEL PLATE AND 
SHEET METALWORK ~* HEAVY MACHINING 
AND FITTING. 


“HARVEY 


G. A. HARVEY & CO. (LONDON) LTD., WOOLWICH ROAD, LONDON, S.E.7. GREenwich 3232 (22 lines) 
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ONLY A 
FLAWLESS FILM 
CAN DETECT 


WELDING 


GEVAERT are one of the largest 

producers of sensitised materials in the 
world; their materials are valued and trusted 
everywhere, particularly where the 

utmost exactitude is demanded by research 
and other workers in industry. 

GEVAERT X-ray film can and will meet 

all your requirements. 


Visual proof of flaws in welds by 
radiography is regarded as the most accurate 
method of non-destructive testing 

available to industry. This accuracy can be 
jeopardised if your materials are not 

first rate. Write to us—we will gladly 

send you samples for testing. 





1909-1959 


GEVAERT) GEVAERT LIMITED 


50 YEARS IN THE GREAT WEST ROAD - BRENTFORD 
UNITED 
KINGDOM MIDDLESEX 


AND NOW FOR THE WNEXT SO 
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Speed isn’t Witchcraft! 
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Quasi-Arc 
A.C. Plant 
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The range for every welding need 
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all equipment conforms 
heating and heat 


»ptional low-voltage safety devices 


led sets. 
gle operator sets can be fitted with built-in 


-Arc Limited, Bilston, 


© safety 
er factor improvement. 


c 
Welding Plant write for Technical Circular 850. 


For full particulars of Quasi-Arc A.C. 


heaters available for rapid pre- 


treatment. 
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reliability and long 


——— 
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manual welding (2,400 amps. for automatic welding 


available; current range up to 600 amps. for 
* Multi-operator installations for 3, 6, 9 or 12 


life in all conditions. 
* High efficiency, low running costs, negligible 


maintenance. 
* Versatility—large number of current settings 


operators. 
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* Portable plant for one or two operators. 


* Strong construction, giving 


world leaders in arc welding Quasi 





Npodetnise your workshiye and teduce costs! 
USE DUAL PURPOSE SEAM WELDERS 


All welded construction 
for strength and rigidity. 


Water-cooling throughout. 


All Electrode Bearings of Special Copper Alloy. 


Simple Layout of Transformer and ancillary 
apparatus for Easy Maintenance. 


Wide Range of Current and Pressure 
Adjustment with hand control. 


All Machines can be used with Modulators or 
with full Electronic Control. 








One machine only required for 


long and end seams. To change-over, the 








upper electrode is merely turned 


through 90 deg. and the lower electrode 





holder replaced; the whole operation 


takes 20 minutes. 





Siemens-Schuckert 
(Great Britain) 
Ltd 


DEPT. 891 

FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDLESEX 
rELEPHONE. ISLEWORTH 2311 TELEGRAMS: SIEMENSDYN, BRENTFORD, HOUNSLOW 
BIRMINGHAM. TEL. MIDLAND 2082 CARDIFF: GLASGOW: TEL. CENTRAL 2635 


MANCHESTER: TEL. ALTRINCHAM 5291 NEWCASTLE: TEL. WALLSEND 68301 SHEFFIELD: TEL. 61564 Smee’s 59 
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Photo by Glasgow Evening Citizen 


ror HUNTERSTON ATOMIC 
POWER STATION 


Radiographic inspection is required for every inch of weld and not a microscopic 
flaw is allowed to go undetected. 

Diadem OPAL Electrodes are therefore used EXCLUSIVELY for Site butt welds of the 
giant Re-actor Vessels and also for all Steam Raising Units and Ancillary Ducting 
The OPAL safety factor is big enough to contain — the atom! 


COOPER & TURNER LIMITED 


MANUFACTURERS OF RIVETS AND ARC-WELDING ELECTRODES 


VULCAN WORKS, VULCAN ROAD, SHEFFIELD 9 
Telephone 4209! Telegrams: Rivets, Sheffield 
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FOR ENDURANCE BEYOND THE 


CALL 
OF 
DUTY 


Butt-welding the 3” plates of reactor vessels at 
Hunterston with Diadem ‘Opal’ Electrodes 


DIADEM 





OPAL ELECTRODES ARE 


SPECIFIED BY. G.C 
ATOMIC ENERGY DIV. 


Hunterston Power Station is being built for the South 
of Scotland Electricity Board by the General Electric 
Co., Ltd., in association with Simon—Carves Ltd., 
Motherwell Bridge & Engineering Co., Ltd., and 
Mowlem (Scotland) Ltd. 
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The use of low pressure CO) gas as an inert shield in 
the welding of steels is increasing. CO, is not only 
cheap — it enables high quality welds to be made in 
the shortest time. 

Where automatic welding machines have been specially 
modified to use this technique, the simplicity, ease of 
slag removal and high speed of welding have been 
found most impressive. On one differential housing, 
for example, welding time has been reduced from 105 


»? 
to 23 seconds. 


WELDING 


The Carbon Dioxide Department of the D.C.L., with 
30 years’ experience of supplying CO, to industry, 
installs and maintains all necessary storage and gas 
supply equipment for CO» are welding. 

Single 28 Ib. cylinders are supplied for experimental 
purposes. For continuous operation multi-cylinder 
racks are available discharging into a manifold. A 
typical transportable rack gives a continuous supply 


of gas at each of 4 points with individually controlled 
flows up to 6 Ibs/hr. CO: is also available in solid 
form for use with ‘Cardice’ Converters. 


All enquiries for further information should be addressed to Bulk liquid can be pumped direct from the Company’s 
THE DISTILLERS COMPANY LIMITED road tankers into customers’ static tanks (of capacity 
ee 1} or 6 tons) without interrupting the flow of CO; 


to the operators. 
Devonshire House, Piccadilly W.| 


Telephone : Mayfair 8867 





Depots and Branches throughout the U.K, 
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—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 


Where even the smallest foreign particle may imperil life, nothing is left to 
chance. Complex units, such as engine oil coolers which cannot be dis- 
nantled for inspection, are therefore radiographically examined to detect 


accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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ELECTRONIC HANCOLINE 


traces from pencil drawing—automatically 


* Cut width compensation on tracer head 


Yet another Hancock advance in oxygen 
cutting — the Hancoline. It is based on the 
world renowned Hancomatic profiling machine. 
Built-in Hancock roller drive allows operation 
of the Hancoline - without physical contact 
between Tracer Head and tracing table. 
Tracer Head incorporates electronically con- 
trolled steering motor, feedback generator 
and photo-electric scanner. 


Write for illustrated literature 


* No drawing allowances to calculate 


* No need for templates - all that is required is simple 
pencil line drawing of work piece 


Entirely self contained, compact, supremely simple 
in operation, the Hancoline fulfills everything expected 
of a machine made by Hancock - ef 
the first name in oxygen cutting. 


HANCOCK & CO. (Engineers) LTD Progress Way, Croydon 
Telephone: Croydon 1908 


TIB. 166 
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FROM BRITISH BRITISH INDUSTRY 








ARC LENGTH CONTROL 
New automatic 
Argonarc welding head 


This new Argonarc welding head with 

arc length control adjusts itself automatically 
to undulations in the metal surface to maintain 
a constant arc length at a pre-set voltage... 
provides all-electrical features for complete 
welding cycle ... is suitable for use 

with A.C. or D.C. ares and is voltage stabilized 
to the degree of plus or minus 10 volts... 

the control circuit is sensitive to a change 

in arc voltage of 0.05 volts . . . response 

time 4 cycles . ..can be mounted for high quality 
circumferential, longitudinal or contour 
welding in the full range of metals associated 
with the Argonarc process. 

Write for fully illustrated literature. 





























Spencer House, 27 St. James's Piace, London S.W.1 


BRITISsS Et ox YyYGo=_ NN | British Oxygen Gases Ltd., industria! Division, 
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Single-wall radiography 


made easier 


The engineers in the Research and Technical Develop- 
ment Department of Stewarts and Lloyds Limited 
at Corby had to devise a means of using single-wall 
radiography for butt welds in pipe lines where the 
welded joint was 60 feet or more from the open end. 

By using a ‘crawler’ to carry the gamma-ray source 
along inside the pipe, and a radiation-detecting device 
on the outside, they were able to establish a procedure 
that was both quick and simple 

A Geiger counter was placed inside a lead ‘castle’ on 
the outside of the pipe. A small hole had been bored 
in the castle, which was so placed that the hole was 
immediately on the centre line of the weld. Radiation 
from the isotope could not reach the Geiger counter 
except through this hole, so it was easy to determine 
when the isotope was correctly aligned 

[he first photograph shows the crawler and _ its 
universal joint, and the second shows the crawler inside 
the pipe and rounding a bend. The diagram illustrates 
the locating technique 

We thank Messrs. Stewarts and Lloyds Limited for 
allowing us to show you this ingenious solution to what 


appeared to be a very difficult problem 


This is one of a series of case histories being published 
Cricee Counrer Tues in the technical Press, showing how leading radiologists 


Ract RAQATION are finding solutions to their day-to-day problems. They 
— <r TION Omer 


emake vee ma 00k. 2 Lane are recounted here in the hope that they will be of interest 


— and value to readers having similar problems 

There is no problem in choosing the right film for a 
particular job. Kodak make five kinds of industrial X-ray 
Caaweee film, covering every requirement from finest resolution 


to highest speed. 


Industrial X-ray Films 


ak my d . a 2 . 
vaeure choice of inspection engineers everywhere 


industrial Sales Division 


Kodak House, Kingsway, London, W.C.2 
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EH - SYLVICK - MINIVICK - UNIVICK - VERTIVICK - TENSIVICK 
NICHROVICK - PYROVICK - CASTIVICK - P250 - MOLVICK - LOCREEP 


Associated Electricalindustries Limited 


TRANSFORMER DIVISION —- HEATING & WELDING DEPARTMENT 
Trafford Park - - - Manchester 17 


L/P804 





ENGLISH ELECTRIC 


reduce 


welding 


costs 


SEND FOR DETAILS TO: 


The English Electric Company Limited 
Welding Division 
East Lancashire Road 
Liverpool 10. 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, 


WORKS STAFFORD . PRESTON oeseyY BRADFORD . 1v oo . A RINGTON 
WA.30 
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.. Ant you Thought of Silver Brazing? P 


Whenever you face the problem of how to join one metal part permanently 


to another, think of silver brazing—for it is often the best method. 
Great strength and neat finish are features of this modern process, and 
when the higher temperatures required for welding or spelter brazing 
may bring danger of distortion or loss of metal temper, low temperature 


silver brazing often provides the perfect solution —and the perfect joint. 


Technical data sheets covering all , 

aspects of the technique of silver J h Fs M tth 
brazing are now being published Oo nson oy al ey 
May we add your name to 


car unditiien tan LOW T=MPERATURE SILVER BRAZING ALLOYS 


JOHNSON, MATTHEY & CO., LIMITED, 73-83, HATTON GARDEN, LONDON, E.C.1. 
Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79 Eyre Street, Sheffield, 1. Telephone: 29212 
B91 
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IGNITRONS 





AE! ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 


ones FP 08.38 Goce 
wee we eaese al 





r 

| Maximum average* 

| anode current 
(Amps.) 


i? 


Temperature 
control 


eee 


Funes Maximum Demand* 
v (kVA) 


one 
oaRe. 








BK 22 450 15 

BK 24 1200 140 

BK 244A 1200 140 Integral 

BK 24B 1200 140 Clamp on 
BK 34 2400 355 

BK 34A 2400 34 Integral 

BK 34B 2400 355 Clamp on 
BK 42 600 5 

BK 42A 600 56 Integral 

BK 42B 600 56 ( lamp on 
BK 66 300 22-4 








* Ratings are for welder control service and refer to two valves in 


inverse parallel at any voltage from 250-600v. r.m.s 


Associated Electrical Industries 
Rectifier types 


manufacture the widest range ol 
in the United Kingdom — ee T Ma —____— 
2 . Maximum peak voltage | faximum average current 
(Kilo volts) at peak voltage 
(Amps.) 





, t n 
wnitrons 


Type 


moreover all AEI ignitrons are inter- 





vith the corresponding 
75 


hangeable 
c tee C BK 44 
150 


Amer in types Whatever the job, BK 46 


the AEI lists you can select the BK 56 + 








valve 4 ‘ 
t Tentative ratings 





Write for Leaflet 5851-8 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 





ELECTRONIC APPARATUS DIVISION 
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HEAVY STEEL PLATE 
MANIPULATION 


COLD—AND IN A VERTICAL POSITION 


HUGH SMITH 


Direct-acting 


Plate Bending Presses 
offer distinct advantages in cost, 
convenience in operation, speed 
and efficiency 


BENDS PLATES UP TO 3” THICK 


This machine is of relatively low capital cost but has 
a performance much superior to conventional types 
of plate bending rolls, and is also dual purpose in that 
it will both bend and flange even the heaviest plates 
used in boilermaking and general fabrication. The 
powerful direct-acting rams can be brought to bear 
close to the plate edge, which eliminates pre-setting. 


We will be pleased to provide technical information 
and performance figures. 


HUGH SMITH & CO. (POSSIL) LTD., 
Hamiltonhill Road Glasgow, N.2. 
POSSIL 8201-2-3 “POSSIL, GLASGOW” 
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Quality Control Methods 


ADOPTED BY A LARGE USER WHEN PURCHASING WELDED 


EQUIPMENT 


In any industry, but particularly in the chemical industry, the purchaser 
of equipment has to ensure that proper design and sound construction 


prevent any breakdowns in service. 


In this paper the authors describe, 


from the experience of their own Company’s requirements, the steps 


By E. Fuchs, M.A., 
and W. Ashworth, 


that are taken to control quality by various specifications. It is parti- 
cularly emphasized that one of the most vital factors for ensuring 
ound construction is for the purchaser and supplier to discuss aspects 


of design, materials, and techniques of construction before the work 


A.M.1.MECH.E. starts. 


4 number of examples of service failures are described and illust- 
rated, and these confirm the value of close control of all details through- 


out the 


HERE is a well-known saying that a manufacturer 
‘does not have to live with the plant he supplies’, 
so that he is not so vitally interested as the pur- 
chaser in ensuring that the equipment he is providing is 
absolutely sound. When this purchaser is in the 
chemical industry, he generally has in mind that the 
equipment will be operating as nearly continuously as 
possible, that the service conditions may be onerous, 
and that any failures may seriously affect intercon- 
nected plants, so that the value of lost output may far 
outweigh the extra cost of ensuring. really first-class 
equipment. Consequently, for the chemical industry, 
the highest possible standard of quality is necessary 
in all manufacturing features, including welding. The 
purchaser must take the necessary steps to ensure 
that the plant is appropriately designed in the first 
place, and that it is thoroughly well made and effi- 
ciently erected before he puts it into operation. 


Design 


In the authors’ firm the design of plants is in the 
hands of senior engineers with the necessary special- 
ized experience. Much of the required equipment, 
particularly pressure vessels and pipe systems, is 
designed and fully detailed to agreed standards. 
Structures may be treated in the same way, or they 
may be handled by a consultant or a structural steel 
firm who design to supplied load figures. Even here it 


stages of manufacture. 


is general for all aspects to be fully discussed so that 
the ultimate responsibility for quality and reliability 
can be taken by the plant designer. Proprietary 
machinery, such as compressors, filters, pumps, 
conveyors, and rolling stock can obviously not be 
treated in the same way, but makers are usually pre- 
pared to have their designs scrutinized in the light of 
past operating experience. It will be realized that a 
design engineer or draughtsman without a good 
appreciation of welding is nowadays of little value in 
the chemical industry. Many of them have attended 
courses of practical welding to ‘get the feel of’ actual 
manual operations and much enthusiasm has been 
shown for specialized ‘post-advanced’ University 
courses and for attendance at branch meetings of the 
Institute of Welding to hear lectures dealing with 
welding as appropriate to the industry. The services 
of a number of welding engineers and the invaluable 
collaboration of metallurgists, coupled with their own 
efforts, as already described, have enabled design and 
drawing office engineers to develop sound design 
techniques and generally to apply welding to the best 
advantage. A sectionalized Welding Handbook,' kept 
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up-to-date by a specialized panel of engineers and 
metallurgists is also a help to designers when dealing 
with any type of fabrication and particularly with the 
many different corrosion-resisting materials ranging 
from silver, nickel and copper, through stainless steels 
and bronzes to lead, with which designers may be less 
familiar 


Choice of Supplier 


Shrewd choice of one’s supplier, as in the past, is 
still important. The steps taken to control quality at 
the manufacturing stage, such as full specification 
and inspection, are quite satisfactory if the contractor 
is capable of reaching the required standard. Unfor- 
tunately there exist firms who are quite prepared to 
quote without studying the specifications and often 
to quote lower than others, relying on the purchaser’s 
goodwill and help to overcome any difficulties. To 
avoid this state of affairs it has to be established at the 
outset that a contractor has a thoroughly sound 
organization, with management at all levels capable 
of studying and appreciating the requirements. 
Investigation should also show that he has 

(i) Competent supervision and inspection procedures in the 

workshops 

(ii) Properly equipped and well-maintained workshops of 

fully adequate capacity for the proposed work ; and good 
experience in manutacturing plant of the type concerned 
Control over incoming materials and components, in 
particular a satisfactory choice of sub-contractors 
Adequate drawing office facilities (not necessarily exten- 
Sive) 

Specialized welding supervision, including schemes for 
testing welds and welders 

Proper facilities and erection personnel, and effective site 
supervision, when site work is part of the contract 


Specification 


Having chosen a number of possible suppliers the 
next important step is to furnish them with an enquiry 
for the piece of plant, precisely detailed and so speci- 
fied that no misunderstandings can arise. The object- 
ive of the specification is to define the standard of 
quality required for the known duty in each part of the 
finished equipment, and the steps that will be taken by 
the purchaser to verify that this standard has been 
achieved. Where the purchaser, from his experience, 
knows the factors which will contribute most in 
achieving the required quality, he picks these out and 
defines them in detail. Thus, for instance, it is gener- 
ally possible to be precise about the parent materials 
to be used, to limit the permissible welding processes, 
and to define the welding materials 

The policy of the authors’ firm is to use British 
Standards wherever possible. Where no such standard 
exists, or where additional requirements have to be 
specified, a company specification is used, together 
with the appropriate drawing office standards. If 
standard specifications cannot be used a special docu- 
ment is drawn up. 

A comprehensive specification should deal with the 
following 

(a) Design instructions, where relevant 

(+) Materials (parent and welding), with tests where appro- 


priate 
(c) Fabrication requirerrents 
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(d) Test requirements, non-destructive (e.g., X-ray, hydraulic) 
and destructive (test plates, cut-outs from seams on job), 
welders’ and procedure tests 
Inspection visits by the purchaser or authority appointed, 
and the inspection engineer’s authority to reject un- 
satisfactory material or fabricated parts 

(f) Temporary protective coatings, painting, 
packing for shipment 

(zg) Site work 

There may be no one British Standard for the 
complete equipment, but a number of such standards 
may together cover all aspects. The company or 
‘one-off’ specification will then make reference to these 
standards and to any additional requirements. Thus, 
the general run of mild steel fabrications, such as 
bedplates, stillages, and light duty tanks, are satis- 
factory if the fabrication requirements (item c) of 
BS.1856:1952? are followed, and reference would be 
made to that Standard; but as it does not specify test 
requirements nor give details of inspection visits 
(items d and e), these have to be written into the 
company’s specification in detail. 

It has been found advisable, at the enquiry stage, to 
to discuss with a potential supplier his experience in 
working to the proposed specification, or one that is 
very similar. A typical example would be a pressure 
vessel manufacturer who has worked mainly for 
export to oil refineries abroad and is accustomed to the 
requirements of the American codes of practice. If he 
is to tender for a vessel to a specification based on 
BS.1500:1958% would he realize what changes would 
have to be made in his workshops and test practices? 
Discussion before a tender is submitted will clearly 
help both parties. 


methods of 


Sub-Contracts 


A frequent source of trouble arises from sub- 
contracts. Here again the initial choice of main 
contractor can be all-important. A sound and well- 
organized contracting firm will have the same outlook 
as the authors’ firm about castings, components, sub- 
assemblies, auxiliary machines and so forth, and will 
not tend to be slip-shod in the choice of sub- 
contractors. As a safeguard the right is reserved by the 
Company to scrutinize all sub-orders and to exercise 
the same control at sub-contractors’ as at the main 
contractor’s works. One of the examples of service 
failures described later (p. 435), the breaking up of a 
cast steel carrying roller, ilsustrates the importance of 
establishing proper co-operation with sub-contractors, 
since faults in their work can lead to serious break- 
downs and loss of output. 


Inspection During Manufacture 


Experience has shown that it is virtually impossible 
to obtain plant equipment of the standard of quality 
required to withstand onerous operating conditions 
without there being overall supervision during manu- 
facture by engineers possessing the essential technical 
knowledge and practical experience. It is with the 
objective of ensuring that the necessary standard of 
quality is achieved in practice that the authors’ firm 
has organized its own inspection service. The function 
of the inspection staff is simply to ensure that the 
Company gets what it wants, when it is wanted. 
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The requirements for any equipment are given in 
the specifications quoted on the order. It is the 
responsibility of the Inspecting Engineer to ensure 
that the completed equipment conforms to this specifi- 
cation and is strictly in accordance with the official 
drawings agreed between the contractor and the 
Company’s design engineers. To enable inspection to 
be carried out with the necessary authority, the 
Company’s specifications contain the following clause: 

The Company's Inspecting Engineer or other 
authorized representative shall have free access to the 
Works of the Contractor and his Sub-Centractors at 
any stage, and to reject any material that does not 
conform to the terms of this Specification. Rejected 
material will not be accepted or paid for by the 
Company. 

Although the most important contributions to good 
quality are those which only the manufacturer himself 
can make, such as skill and integrity, good super- 
vision and pride of job, the visiting inspecting engineer 
plays a considerable part. To enable him to deal ade- 
quately with welded equipment the Company’s rele- 
vant specifications state 

The Company reserves the right to make a careful 
examination either by visual, magnetic or other means, 
at any suitable stage of the work. Parts showing 
evidence of excessive undercutting, blowholes, bad 
pick-up, slag inclusions, porosity, or other detri- 
mental features shall, on the instructions of the 
Company's Inspecting Engineer, to be cut out and 
re-welded. 

All Company specifications for pressure vessels, 
pipes, and similar components fabricated by welding, 
give precise instructions to the manufacturer regarding 
the stages in the manufacture when the materials must 
be offered for inspection, and also state that approval 
of the work up to this stage must be obtained from the 
Inspecting Engineer before manufacture is allowed to 
proceed. The stages of inspection detailed later have 
been established by experience which has proved 
beyond all reasonable doubt that the successful com- 
pletion of any welded seam is almost entirely depend- 
ent upon the accuracy of the weld preparation of the 
plates to be joined, and the correct assembly and 
alignment of plate edges. It has been demonstrated 
that it is within the capabilities of a welder of average 
skill to make a good weld if these prewelding require- 
ments have been satisfied, whereas it is extremely 
difficult, if not impossible, for even a very highly- 
skilled welder to produce anything but a poor weld if 
the weld preparation or the alignment is incorrect. A 
typical example of these inspection requirements is 
given in the Company’s specification for Class | 
welded mild steel pressure vessels*: 

Inspection shall be carried out at the following 
stages of manufacture and the Company shall be 
given adequate notice when such stages are reached: 
(a) When the shell plates are bent to the circular 

form, the ends pressed to shape, welding grooves 
formed and the parts are assembled ready for 
welding 

(b) When welding at the outside of any main seams 

has been completed and the inside surface has 
been prepared for welding 

(c) When the main seams are dressed and marked 

preparatory to radiographic examination 
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(d) When the test plates attached to the longitudinal 
welded seams are ready for stamping for the 
identification of the individual test pieces, prior 
to sub-division 
When the openings have been prepared for 
branches, etc., and the parts assembled ready for 
welding 
When the fabrication of the vessel is completed 
When the vessel has been stress relieved, to check 
circularity 
When the pressure test is carried out 
When the vessel has been dried out after the pres- 
sure test and temporary protection and painting, 
where called for, is nearing completion 
(j) Where it is indicated on the Company’s drawing 
or order that additional inspections are required. 
Recently, two new forms have been prepared to 
assist with the efficient inspection of pressure vessels 
and part of one® is reproduced in Fig. |. This gives the 
stages of inspection for a Class I vessel; the Inspecting 
Engineer’s report is required at each stage of inspection 
and space is allowed for additional reporting. When a 
vessel is complete, one copy of the record is forwarded 
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2—Typical fault resulting from inadequate back chipping 


to the part of the Company where the vessel is to be 
installed and so forms part of the permanent record 
of that vessel. A particular advantage obtained from 
the use of these forms is that they show the manu- 
facturer the stages of fabrication which the Inspecting 
Engineer has approved, and the stage at which the 
vessel must next be offered for inspection 

A long continuous defect can 


easily arise in 


welding the main seams of a pressure vessel. Such 


1959 


defects must be considered as specially serious in a 
longitudinal seam. They are generally associated either 
with the automatic welding of plates with square-edge 
preparation or with inadequate chipping out or in- 
correct groove shape at the back of a V or U weld for 
the deposition of the second side runs. A typical fault 
of this type in a manual weld is shown in Fig. 2, where 
the first side has not been fused to the root and the sec- 
ond side has been prepared only perfunctorily. This 
type of fault can be prevented by proper attention to the 
inspection at stage 4. It has been shown that the second 
side weld groove radius is important in avoiding such 
faults. The minimum radius specified is 3%; in., what- 
ever the depth of groove required to remove all un- 
soundness. 

To check the correctness of this ruling some trials 
have recently been made. Grooves of various depths 
and root radii were chipped in a mild steel plate to 
simulate ‘second side’ welding grooves. These were 
filled with weld metal deposited with a 4 s.w.g. 
electrode, the largest size normally used in contractors’ 
workshops. The resultant welds were then sectioned as 
illustrated in Figs 3a and 6. Whilst very shallow 
grooves are successfully filled even when the root 


Dimensions of simulated ‘second-side’ 
(a) welding groove, in 


Radius 


Depth 


Radius Depth 


3— Effect of variations in ‘second-side’ groove 
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radius is small, the minimum radius leading to sound 
welds in grooves 3 in. deep is }# in., associated with 
side angles of about 20°. Since in practice the groove 
depth is frequently over } in., the # in. minimum 
radius is clearly a sound stipulation. 

Where deep-penetration automatic welding is used 
for the second side weld, there will be no groove pre- 
paration and so inspection before welding cannot 
help. Radiographs of representative parts of the weld 
are then required to demonstrate that complete 
penetration has been achieved. 


Welding Procedure Qualification and Welders’ Tests 


Before a manufacturer is permitted to begin welding 
on any unusual work he has to demonstrate that the 
welding procedure he is either required, or wishes to em- 
ploy in the contract is such as to achieve the standard 
of quality of welding demanded. This demonstration 
includes the production of a sample of each type of 
joint to be used in the contract, made in the correct 
position with the materials and welding equipment 
which it is proposed to use in the contract. These 
procedure qualification tests are identical with those 
required for welder’s qualification, and it is therefore 
often possible to permit one set of test samples to cover 
both qualifications. The welder or welders to be 
employed on the contract carry out the procedure 
qualification tests and thereby prevent duplication. 

A procedure qualification test was required from 
a fabricating firm anxious to undertake the manu- 
facture of a high-temperature stack in 24%, Cr-12% 
Ni austenitic steel. The welds shown in Fig. 4 were 
submitted as typical of the quality offered. It is strange 
to think that even now such work is done and it is 
even stranger to think that it is hopefully offered for 
acceptance! The occurence of such faults underlines 
the reasonableness of requiring procedure qualifi- 
cation tests, particularly from firms embarking on any 
class of work or material they have not previously 
handled or who have inadequate supervision. 

Before any welder is allowed to weld on a pressure 


Weld submitted for procedure 
qualification 


Pipe welder’s test piece with no 
root fusion 
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vessel he must satisfy the Inspecting Engineer or other 
qualified representative of his ability to produce welds 
of the required quality. The engineer will consider 
previous work done by the welder on the basis of: 

(i) Radiographs of seams for which he was responsible 

or 

(ii) Welders’ tests produced within a period of 12 months of 
the date of commencement of the contract under con- 
sideration 
or 
The certificates representing routine tests required by the 
contractor 

Should none of these methods of qualification be 
available, the Inspecting Engineer will witness the 
preparation and production of test plates submitted 
by the welder or, where a mechanical welding tech- 
nique is employed, produced by the welding equip- 
ment to be used, and he will watch the subsequent prov- 
ing of test specimens. These are made under condi- 
tions which simulate, as accurately as possible, those 
under which the welds in the equipment concerned 
will be made, using plate and welding materials taken 
from those procured for the contract. The physical 
results obtained from these tests must satisfy the 
specified standard before approval is given. When 
approval is given it is normally valid for the welding 
represented by these tests for a period of 12 months. 

Test requirements for pipework welders range from 
the production of sample welds of all types on which 
it is proposed to employ the welders in the contract, 
to tests which simply demonstrate the welder’s ability 
to use his tools. The tests specified naturally depend 
on the standard required in the contract. In the first 
example, not only are sample welds of each type of 
joint used in the contract to be submitted but they must 
also include a sample of the particular weld or welds 
made in the various positions which fabrication may 
demand, e.g., downhand, horizontal-vertical, vertical, 
overhead. The Inspecting Engineer will, of course, 
demand sample welds only for the positions which are 
likely to be encountered in practice. 

The sample welds required for important pipelines 
are similar to those detailed in BS.2633:1956* and 
BS.1821:1957.7 The surprisingly gross faults that are 


(it) 
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6 Pipe welders test piece with gross over-penetration 


still sometimes encountered in test pieces submitted 
for welder qualification are exemplified in Figs. 5 and 
6. These sections are from rolled butt welds made by 
the metal-are process in mild steel pipes } in. thick. 
For general platework in mild steel and Cr—Ni 
austenitic steel welders are required to make butt 
welds in j in. plate and fillet welds with stops and 
Starts 
the Inspecting Engineer and are subjected to section- 
ing and simple mechanical tests. Their chief function 
is to allow the engineer to see the welder at work and 


to assess his capabilities. Unless the man’s approach 
to the job ts reasonable, quite apart from any test 
results, his production work is unlikely to be of a 
good standard 


Non-Destructive Tests on Pressure Vessels 


The radiographic examination and pressure tests 
required on pressure vessels by the authors’ Company 
do not, in the main, differ from those stipulated in 
BS.1500. In particular, X-ray examination is required 


[hese test pieces are made in the presence of 
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of the whole of all main seams in Class I vessels. For 
other vessels the same requirement applies to the butt 
welds in dished ends manufactured from more than 
one plate. Further than this the relevant specification 
clause reads: 

Where an automatic welding process is employed 
for the welding of the main seams and the ‘second 
side’ welding groove is not prepared to such a depth 
that all unsoundness at the root of the ‘first side’ weld 
is removed, the Contractor will be required to demon- 
strate, by radiography, that the welds are free from 
major continuous defects. At least three radiographs 
shall be provided to represent each seam, longitu- 
dinal and circumferential. Each intersection of seams 
shall be covered by a radiograph and the Company's 
Inspecting Engineer will indicate the positions at 
which the remaining raidographs are to be taken. 
Prior to taking the radiographs any irregularities 
on the surfaces of the portions of the welded seams 
to be radiographed shall be removed and the weld 
reinforcement shall be dressed to a smooth contour. 
There are advocates for the use of such random 

radiography as an inspection method, not only for 
automatic welds as described but also for manual 
welds. Whilst this would provide some additional 
quality check, it is considered that comprehensive 
inspection during manufacture, especially the pre- 
welding examination, is far more important. There 
are also grave doubts whether random radiography is 
more economical to the Company than complete 
radiography. 


Destructive Tests on Pressure Vessel Welds 


For Class I pressure vessels a full set of mechanical 
tests is taken on test plates as specified in BS.1500. 

The test pieces specified for Class II vessels consist 
of a transverse tensile, two bend specimens, and a nick 
break. Since the ultimate tensile strength of mild steel 
weld metal is always higher than that of rolled plate, 
the parallel-sided tensile specimen nearly always 
fractures in the parent material and therefore provides 
no evidence of the quality of the weld metal. Bend tests 
would demonstrate the ductility of the weld metal and 











Details of kiln-carrving roller 
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show if there is lack of fusion at the weld edges. 
With modern electrodes and fluxes for manual 
or automatic welding lack of fusion is no problem and 
ductile weld metal is assured. Nick break tests would 
reveal severe slag inclusions and, possibly, gross 
porosity in the test weld. With the groove shapes as 
laid down, proper back chipping, the normal skill of 
welders on this class of work, and methodical inspec- 
tion during manufacture such faults are unusual, but 
to try to avoid them by reliance on test weld results is, 
in any case, not the right approach. Test welds are not 
necessarily representative of the welds in the pressure 
vessel unless there is adequate supervision. For these 
reasons the Company does not call for test welds for 
Class II vessels. 


Cut-outs from weided seams 

Reliance used to be placed, quite logically, on 
cutting out random sections of welds in tanks and 
other fabrications. One method was to trepan small 
circular discs with weld metal on the centre line. 
Because this brought with it the problem of producing 
a high quality repair free from cracks it was dis- 
continued. Since the advent of radio-isotopes it is 
much more satisfactory to check weld quality on 
finished seams by gamma-radiography, and_ this 
practice has almost completely superseded the cutting- 
out procedure. 


Examples of Service Failures and Their Causes 


Cast steel kiln-carrying roller 

The installation of three 200-ft long rotary kilns 
involved the purchase by the main contractor of 18 
rollers 3 ft 4 in. dia. x 16 in. wide of 30-40 tons/sq.in. 
grade cast steel (Fig. 7). The foundry was required to 
comply with Clause 15 (a) (i) of BS.592° which reads: 

No casting shall be repaired or welded without the 
previous sanction of the purchaser or his repre- 
sentative. 

One of the large rollers broke up badly in service after 
a life of only three months. A piece broke out from the 
tread surface (Fig. 8) and cracks appeared in four of 
the radial arms. It was established that the foundry 
had carried out at least one welding repair without the 
knowledge either of the main contractor or of the 
purchaser’s Inspecting Engineer. A section through 
one of the ribs which had cracked right through 
(Fig. 9), revealed that the casting had been very un- 
sound, and contained large cavities and a major crack 
at the point where failure occurred. Weld deposits, 
seen as light areas, had been put down with much of 
the casting defect untouched. The surface had been 
dressed up and the casting delivered. 

The foundry accepted responsibility and cast a 
replacement free of charge. In spite of the previous 
happening a welded repair was again done without the 
knowledge of the inspector. The foundry claimed that 
the technique used was such that the repair would be 
equal in quality to that of the casting itself and offered a 
guarantee of twice the usual period. However, much 
of the weld metal was on the rolling surface and experi- 
ence had shown that trouble, because of unavoidable 
differences in hardness especially in the heat-affected 
zone of the casting, was very likely to arise in service, 
so that this replacement could not be accepted. 


METHODS 


8—Tread of roller with piece broken out 


9—Section through cracked rib of roller 


Finally, the foundry produced a casting with only 
slight faults. These were gouged out and left without 
welding. 

It is realized that a ‘one-off’ steel casting is difficult 
to produce without blemishes, but for an order of 18 
identical castings a technique should be evolved with 
the help of radiography and crack detection such that 
faults are unlikely to occur at vital points. Since only 
the user can know the exact duty to be performed by a 
casting, it is in the interests of all concerned for 
supplier and user to agree about any welding repairs 
before they are started. Under the extremely varied 
conditions of the chemical industry it is, without 
doubt, advisable to include Clause 15 (a) (i) of BS.592 





BRITISH WELDING JOURNAL, OCTOBER 1959 


10—Preparation for first weld in turbine valve chest 


11—Preparation for second weld in turbine valve chest 


as already quoted, in all orders for steel castings. Much 
subsequent argument can often be avoided by insisting 
on castings being rough machined before leaving the 
foundry, for this may well reveal major faults likely 
to interfere with performance in service 


Cast steel turbine valve chest 

A turbo-generator working with steam conditions 
of 900 Ib/sq.in., at 425°C. (800 °F.) had been in 
operation for 15 months when a minor machining 
operation was required on the high-pressure valve 
chest, a steel casting to BS.592, Grade A. After this 
operation a hydraulic test pressure of 1350 Ib/sq.in. 
was being applied when a small leak was noticed at 
the fillet of a thermocouple boss. A considerable 
amount of faulty metal had to be removed (Fig. 10) to 
reach a sound base for welding, the test method being 
magnetic crack detection. Low-hydrogen electrodes 
were used for the repair, and the weld and vicinity 
were then flame heated to about 600°C. A hydraulic 
test now revealed leaks at the junction of the inlet 
branch and the chest at a point diametrically opposite 
the initial leak. This fault proved to be very deep- 
seated, and the amount of metal shown in Fig. 11 had 


to be removed. Before welding, a strong bracket was 
firmly attached across the branch faces to maintain 
dimensions. This was left in position throughout the 
welding and furnace stress relieving at 600—650°C. 
The valve chest remained dimensionally true. Steam 
turbine castings, with their variable sections, present a 
difficult problem to the founder. Extensive application 
of radiography at known difficult areas can greatly 
help in reducing the amount of trouble in service. 
Acid pickling of all steel castings also has strong 
advocates and might well have led to the discovery of 
this extensive fault during manufacture. 


Lap-welded steam pipe 

After working for six years in an 8 in. steam main at 
120-130 Ib/sq.in. a length of pipe suddenly split, 
causing a major dislocation of plant working. The 
building where the burst occurred was so filled with 
steam and so many lights were put out of action that 
it took 2} hr. before the section of main could finally 
be isolated. It was fortunate that no personal injury 
was caused by the violent escape of steam. 

he failure proved to be a split 13 in. long (Fig. 12) 
running along a lap weld. The order for this pipe 
system had called for hot finished seamless pipe to 
Class C of BS. 806° with a minimum thickness of 


} in. The pipe was, in fact, only # in. thick and 


contained a longitudinal forged lap weld of very poor 


| , 


Microsection through lap weld near burst 
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quality. A section typical of this weld is shown in 
Fig. 13. Examination of the whole pipe system since 
the failure has shown that 10 lengths were of lap- 
welded pipe while the remainder were seamless. It is 
clear that the lap-welded pipes were taken from the 
contractor’s stock intended for light-duty work and it 
is fairly certain that this followed the rejection of a 
batch of fabricated items on which the flange and 
branch welding was unacceptable and which had to 
be made good or replaced. 

Although the purchaser’s Inspecting Engineer had 
paid a number of visits to the contractor’s works, the 
substitution of the unsuitable pipe had escaped his 
notice. The lesson to be learned is that choice of 
contractor is of overriding importance. Where a firm 
has not the necessary control over materials used for a 
particular class of work and an inspection staff follow- 
ing the work through, the purchaser’s inspectors are 
put in a very difficult position. 


Butt-weld in large steam main 


A 15 in. mild steel steam main was laid at a new 
works about ten years ago by a reputable contractor. 
The joints were straightforward butt welds without 
backing rings. The steam was at 250 Ib/sq.in. operating 
at 310°C., for which duty the material was to BS.806, 
Class B, and the thickness } in. Site control of the 
welding work had, at the time, not been fully estab- 
lished. After about a year, one welded joint failed 
catastrophically, draining the works’ system of steam. 
Two sections of a typical joint in the main are shown 
in Fig. 14. All such welds were cut out and rewelded 
with the full radiographic examination by that time 
established at the works concerned. 


14—Gross faults in 15 in. steam main butt weld 
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15—Excavator frame; first design 


Fabricated excavator turret frame 

The turret, or frame, of an excavator working over 
rough ground on a caterpillar track is subjected to 
varying and incalculable loads. If such a frame is 
fabricaied from plates and sections it is important to 
avoid: 

(a) Sudden changes of section 

(b) Undue concentrations of residual stresses 

(c) Inaccessible welds leading to weld faults. 
After a few years’ service a turret failed by extensive 
cracking at four areas situated symmetrically round 
the frame. In these areas a flat vertical flanking plate 
intersected the cylindrical turret (Fig. 15), and a cover 
plate was welded between the cylinder and the flank- 
ing plate. The top edge of the latter was bent outwards, 
shaped to match the turret and fillet welded to it. The 
four welds all converged on the very small area where 
trouble later developed, and the weld joining the 
tianking plate to the turret plate had to be made as a 
45° fillet, resulting inevitably in an unsatisfactory 
root. The frame was temporarily repaired by adding 
doubling plates at the flanks and round the turret, but 
the cracks soon extended. It was agreed that a new 
frame should be fitted, the makers proposing as their 
only modifications the thickening of the turret and 
flanking plates from { in. to 2 in. and the addition 
of a 2 in. = 3 in. stiffener at the critical area, as shown 
in Fig. 15. There is little doubt that this would have 
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to separate welds 
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Excavator frame; proposed modifications to reduce stress 
concentration 
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Excavator frame, re ed design 
aggravated the trouble, and it was suggested that two 
useful additional steps could be taken (f ig. 16) 


(i) Use a 4 in. flanking plate and butt weld this to the turret 
plate, thus eliminating the vertical fillet weld between the 
two plates deposited in the narrow angle 

(ii) Separate the wings from the flanking plates, bend them 
on a vertical line, and weld them to the turret by fillets 

distance away from those attaching the new 

stiffener and from the flank to turret butt weld 


some 


By this time the maker was fully persuaded that more 
radical redesign was necessary and that weld quality 
had to be watched more carefully. In his new design 
all welds were accessible and the bunching was eli- 
minated. The region under discussion was treated as 
shown in Fig. 17, the method of external stiffening 
being clear from Fig. 18. This redesigned frame has 
worked for over seven years, but it has now cracked 
at each of the four corners round the apex of the 
external stiffener assembly (Fig. 19), again where 
there is an accumulation of weld metal and a rapid 
change of section to the 3 in. thick cylinder. Some 
rounding off, perhaps by the use of a diagonally cut 
12 in. dia. pipe in place of the three plates, should 
solve this problem 

The lesson to be learned once again is the impor- 
tance to the designer of collaboration with the user 
and the role played by accessibility of welds in produc- 
ing good quality 


Good Relations between Purchaser and Contractor 


The paper has stressed that the authors’ Company 
keeps a careful watch on contractors from the enquiry 
to the delivery stage. It should also be evident that the 
contractor can often derive considerable benefit from 
the Company’s service experience and by discussion, 
at the appropriate stages of design and manufacture, 
with their senior designers, metallurgists, and welding 
engineers. In spite of all such precautions there are 
bound to arise unforeseen difficulties during fabri- 
cation, On testing, or at the time of site erection. The 
good relations established between the Company, the 
contractors and their sub-contractors generally makes 
the overcoming of such difficulties a mutually benefi- 
cial and interesting task 
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Destructive Testing for Quality Control in 
Weldments 


By R. E. Lismer. A. MET., F.1.M. 


The author describes various forms of destructive test used for the 
quality control of welded construction and for the testing of welders. 
These include tensile, bend, and impact tests on specimen completed 
welds, and analysis control and metallographic examination of elec- 
trodes and their deposits as well as of the materials to be used. 


of welding within the past few years, it appears that 

control of weld quality by destructive testing 
methods has changed very little for some time. The 
general demand is that the weld properties should 
match those of the parent metal. Whilst the usual 
destructive tests may not be strictly related to con- 
ditions of service of the weldment, they do ensure that 


I’ spite of the increase in the exacting requirements 


the welded joint is produced to a certain standard of 


strength and quality. The standards have been estab- 
lished by experiment and are controlled by the various 
specifications and codes of practice of Institutions or 
inspecting authorities. Sometimes additional controls 
may be imposed and these depend on the main func- 
tion of the weldment. Sampling or proof testing 
methods can evaluate the efficiency of the welds for 
service under conditions of static stresses, notch tough- 
ness, corrosion resistance, fatigue, thermal stresses, 
nuclear radiation, and so on. 

From the mechanical standpoint, quality control of 
a weldment really starts with the design and procedure 
control. For every purpose, construction, or situation, 
the welding procedure and sequences have to be deter- 
mined, and it is the responsibility of the welding 
supervizor to see that the welders adhere to the 
details. 

The second step in control is to enforce a condition 
on the fabricator; that only electrodes which have 
been approved and certified by the inspection or 
classification authority shall be used. Whilst the basis 
of approval of electrodes is determined by conditions 
of manufacture and the mechanical properties of the 
deposited metal, control by the electrode manufac- 
turers is essentially by composition of the core wire 
and the ingredients of the coating. Fundamentally, the 
compositions are similar, but individual manufacturers 
have developed their own guarded formulae and 
methods of mixing ingredients and coating the wire. 
The industry is highly competitive and its main aims 
are for economical production with a good appearance 
of the product. So long as the results of the annual 
approval tests by the authorities are within the speci- 
fied limits, there are no technical points on which any 


objection can be raised. On the part of the fabricator, 
so long as the results satisfy the specifications, any 
efforts to improve weld-metal quality would remain 
the business of the electrode manufacturer. Since the 
making of electrodes is carried out by batch production 
methods, the data from welders’ tests and mechanical 
properties of deposits are preferably statistically 
analysed against the variables that could occur in 
repetitive manufacturing operations. However, very 
small quantities of the products are condemned by 
these methods, so that most manufacturers have 
abandoned regular mechanical testing. There is a 
danger that manufacturers may even abandon obser- 
vations of the production variables, and take the risk 
that no ‘unsatisfactory’ products will fall into the 
hands of the larger and more discriminating fabricat- 
or. The absence of complaints from the users would 
then become the only means of quality control, plus 
the good will of the electrode manufacturer in re- 
placing all sub-standard products. 

The third step in control is by qualification tests of 
the personnel of an approved fabricator. Supervisors, 
engineers, and metallurgists must be experienced and 
qualified, so that code standards can be established 
and maintained. Welding plant and equipment 
must be of good quality and maintained in 
an efficient working condition. The procedure is that 
there is regular and systematic supervision of the weld- 
ing work, and the operators are subjected by the 
work’s officials to periodic tests for quality of work- 
manship. Records of these tests are kept and are 
available for examination by the inspection authority. 
For welding operators using machine-welding equip- 
ment, acceptance by A.S.M.E. Code is based on 
radiography only, but in other instances full tests may 
be required. 

The acceptance of a weldment, by the testing of 
sample plates placed at one or both ends of welded 
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seams, is not ideal, mainly because of the psycho- 
logical effect on the welder of knowing that he is pre- 
paring a deposit for test purposes; the sample thus 
receives some extra attention. Further, cooling or 


restraint conditions may be very different from that of 


the weldment. For these reasons, opportunity is often 
taken to test any lengths of weld deposit which may 
subsequently be removed from the weldment. The 
results of these tests give the actual quality of the welds 
that will be in service. In any case, the tests on attached 
samples may not reveal defects which could later prove 
to be stress-raisers and lead to premature failure. 
Neither do they indicate poor set-up or irregularities 
in the welding technique. But so long as the test 
sample can be regarded as statistically representative 
of the weld quality, acceptance by standards specified 
in the codes can be considered as sound. 

Welds deposited according to the manufacturers’ 
recommended procedure will invariably be of adequate 
strength, and thus the ductility figures will have more 
importance. For this reason, the bend tests carried out 
according to the guided technique of the A.S.M.E. 
Code probably provide the best indication of the 
properties of the deposit. Even with approved work- 
manship, adequate tensile and ductility values accord- 
ing to code standards may not satisfy service condi- 
tions. Special tests for impact, fatigue, or corrosion 
properties are not available to most fabricators and 
are expensive to carry out because of the experienced 
techniques involved and the need of specialist’s atten- 
tion in the interpretation of the results. 


Testing Methods 


A survey and discussion of the destructive methods 
of testing welds has been given by Pemberton,' and 
very little can be added to his statements. Before 
giving consideration to the results of the various tests, 
it is necessary to have the assurance of the properties 
and quality of the base materials. These must be of 
suitable weldability, have tensile strengths within the 
range specified for the weldment, and possess the 
adequate level of the functional properties being speci- 
fied for the weld deposit. The effects of the welding 
operations on the structural and mechanical proper- 
ties should also be known, which may sometimes 
necessitate a study of the ageing properties of the 
metal and its resistance to shock or fatigue loading. 


Tensile tests 

The tensile test is the simplest and most commonly 
used test which will give the basic strength of the weld 
zone. Two main types of specimen are employed: 


(a) The all-weld-metal test piece in which the specimen is 
machined longitudinal to the length of the deposit 
Variation of size of the specimen is a necessity with 
respect to the dimensions of the weld, and since the 
ductility values have special significance, the measure- 
ment of elongation must be based on the strict geometrical 
relationship of the gauge length at 4» y Area 


The transverse tensile specimen with the weld ground flush 
with the plate surface. Owing to the higher yield strength 
of the weld deposit compared with that of the parent 
metal, if the weld is sound, the ‘necking’ and fracture will 
take place on either or both sides of the weld, even though 
the ultimate strength value obtained from the all-weld- 
metal specimen is slightly lower than that of the parent 
metal. Results of such tests may be misleading, but the 
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form of the specimen can be modified to insure that frac- 
ture occurs in the weld deposit or at the junction. The test 
does, however, serve a useful purpose in indicating the 
presence of any discontinuities in the weld zones 


Variations of these tests are mainly directed 
towards the manner in which the weld deposit is built 
up, either under structural restraint or some condition 
which may be realized at the time of fabrication of the 
weldment 


Bend tests 

The bend test is a simple and straightforward 
method of proving the capacity of a weld zone to 
deform without fracture. Nevertheless, more than in 
any other test, the requirements of the various specifi- 
cations and codes differ in how the test should be per- 
formed. 

British Standard 639 specifies two specimens, one 
bent with the face of the weld in tension, and the other 
with the root in tension. The specimens are | $ in. wide, 
4 in. thick and are bent round a former of | § in. dia. 

Lloyd’s Register of Shipping requirements for 
“Class I Fusion Welding of Pressure Vessels” specifies 
a smaller specimen, ? in. wide, 3 in. thick, cut flush 
with the upper surface of the weld and freely bent so 
that this surface is in tension. It is considered that, if 
the ductility of the deposit is assured by the results of 
all-weld-metal tensile tests, the only practical purpose 
of the bend test will be to reveal imperfections in the 
welding, particularly in the junction zones. The speci- 
men also includes weld metal from the outer layers 
which is least affected by subsequent runs. Alternate 
requirements similar to those of BS. 639 are detailed 
in the “Rules”, with more precise relationships given 
between specimen size and thickness of plate material. 

The A.S.M.E. Code specifies guided-bend tests and 
defines five types of specimens to cover the transverse 
and longitudinal directions, side, face, and root posi- 
tions of the weld. 

None of the specifications calls for the measurement 
of elongation within the weld and on the convex side 
of the bend, and since this would not be a precise 
measure of ductility, the test serves only to confirm 
soundness and adequate ductility. Freedom from 
injurious slag inclusions, porosity, and coarse crystal- 
linity can be judged by the nicked bend test, in which 
both surfaces of the weld on each side of the specimen 
are slotted and the fracture lies within the weld 
deposit. 


Impact tests 

Requirements for the adequate impact strength of 
weld metal are given only for special weldments, such 
as those for nuclear reactor shells, pressure vessels for 
service at low temperature, and chemical engineering 
plant. In the tests for the approval of electrodes at 
manufacturers’ works, an all-weld-metal Izod impact 
test is included in the requirements of Lloyd’s Register 
of Shipping. The minimum value specified is 30 ft Ib 
for the average of three notches. Other forms of impact 
test are accepted, and a suitable modified minimum 
value is agreed. 

Welding operations will always increase the possi- 
bility of the presence of stress raisers or that chance 
defects will occur at the construction stage or become 
apparent during the service of the weldment. Such 
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possibilities could initiate fractures and lead to catas- 
trophic failures. To some extent, their occurrence can 
be compensated by the use of special notch-tough 
and suitable classes of electrode. Impact 
testing is a means of showing whether the material 
possesses some resistance to the propagation of frac- 
ture, and that a low temperature of service will not 
contribute to any premature failure of the weldment. 

It is to be expected that the impact values would 
show a wide scatter, because the location of the root 
of the notch with respect to the hetereogeneous nature 
of the weld structure, will be effective. There are also 
difficulties in precisely positioning and knowing the 
location of notches along the weld junction. For welds 
on wide plates, impact specimens have to be prepared 
at a number of positions within the deposit and the 
heat-affected zones. The direction of the notches with 
respect to the surface of the plate can be varied and 
should be noted along with the results obtained. 

Specified minimum values for the impact tests 
depend on the intended service conditions, and the 
lowest temperature of testing must be below that 
likely to be encountered by the weldment. 


steels 


Special Purpose Electrodes 


During recent years, there has been an increasing 
demand for the development of materials and elec- 
trodes for two very different service conditions: 

(a) High pressure and elevated temperatures in steam plants, 

power stations, and the chemical industry 

(b) Low temperature and moderately low pressure in pressure 

vessels and liquid gas storage tanks and equipment 


In both instances, the metals or alloys employed 
have to be grouped in respect of the extremes of 


temperatures in service, ease of fabrication, and 
weldability, whilst the section sizes are based on the 
working pressures of the plant or vessel. Although the 
volume of the welds in any weldment is small compared 
with that of the parent metal, any loss of ductility in 
service could have serious consequences and thus the 
quality of workmanship of the welding is of major 
importance. 

The development of suitable electrodes for welding 
low-alloy steel of the $°., Mo or Cr-Mo type for high 
temperature service. has been described by Mercer.? 
The general conclusion from the report is that the 
matching of the deposit analysis with that of the 
parent metal has produced the most likely chance of 
the creep properties of both being optimum towards 
the service conditions. Creep testing is long and costly, 
and whilst, in commercial production, it is possible to 
control an electrode to give a matching deposit 
analysis, there are variations in construction procedure 
which could have detrimental effects on the ability of 
the weldment to give satisfactory service. The creep 
properties of these steels are dependent on particular 
heat-treatment conditions, and pre-treatment and 
post-treatment of the weldment may conflict with 
those required for optimum properties of the materials. 

The range of analysis, properties, and structural 
characteristics of the higher alloyed Cr-Mo and 
Cr-Ni electrode deposits for special creep and heat- 
resisting characteristics has been surveyed by Westen- 
dorp and Steenhuisen.* The adjustment of electrode 
composition to give a controlled ferrite content in the 
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austenitic welds, and a technique relative to the type of 
steel being welded, will give the greatest resistance to 
hot cracking in the welds. For the high-strength welds 
with heat-resisting qualities, the ferrite constituent is 
avoided because of the tendency of this phase to 
transform to sigma-phase and promote brittleness. 
The analysis of the electrodes is designed to produce 
an austenitic weld deposit containing complex car- 
bides for hardening effects. Some of the alloy additions 
are of an easily oxidized nature, and to avoid undue 
loss of these elements welding is carried out by one of 
the inert-gas shielded processes. There are, however, 
many combinations of alloying elements and tech- 
niques of welding procedure to satisfy the require- 
ments of the weld zone. 

One of the important considerations, for service of 
weldments at low temperatures, is that of knowing the 
effect of welding on the notch toughness of the base 
metal and the influences that can be obtained by 
changes in welding procedure. For pressure vessels 
manufactured from plain carbon steels, the general 
requirement is that the Charpy V-notched impact test 
result shall be not less than 15 ft lb at the minimum 
service temperature. These vessels, with special control 
during fabrication, have a minimum service tempera- 
ture of about —50°C. For service between —5O° and 
100°C, low-alloy steels mainly of low nickel content 
are employed, whilst below — 100°C, austenitic steels, 
copper alloys, and aluminium alloys are used. 

In general, the results of impact tests and the tran- 
sition range for weld metal deposits, depend on the 
coarseness of the grain structure. For this reason, 
heavy passes deposited from large electrodes or by 
submerged-arc processes will show inferior results 
compared with light passes giving adequate facilities 
to anneal and refine the previous layers. In failures at 
low temperatures, much can be learned from the 
nature of the fracture surface. However, the charac- 
teristic changes in the mode of fracture of plate 
materials with decrease in temperature are not dis- 
played by weld deposits. Above the transition range, 
fractures in weld metal are somewhat irregular, and 
there is a general tendency for the direction of propa- 
gation to move into the heat-affected zones and 
subsequently into the parent material. Below the 
transition range, the fractures appear very flat and 
crystalline. 

In assessing the notch toughness qualities of welds, 
the choice of method of testing and the criteria on 
which to base transition, provide problems. Usually 
the transition ranges for mild steel are clearly defined 
by the Charpy impact test results. For alloy steels and 
non-ferrous metals, such test results show appreciable 
scatter, whilst changes in the fracture appearance are 
monopolized by certain basic modes of failure 
characteristic to the metal. 

In a study of the low-temperature properties of 
plate materials and weld procedures intended for 
possible use in the construction of tanks, piping, and 
equipment for the transportation and storage of liquid 
gases, particularly liquid methane, it was considered 
that the tear test as detailed by Kahn and Imbembo* 
would be suitable. The following features influenced 
the choice: 

(i) Specimens were of full plate thickness and welds of 

appreciable size could be tested 
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(ii) The depth of the test section behind the notch was suit- 
able to determine any change in mode of failure that 
might occur as the testing temperature decreased 
The fracture was of the tearing type and some indication 
of the ductility that accompanied the fracture could be 
obtained 
A load-extension curve could be drawn from measure- 
ments taken during the test. From these diagrams, 
energies to initiate the fracture or propagate the fracture 
could be separately determined 
The slow rate of loading on the specimen gave full 
possibility for the material to behave in a stable manner 
and resist crack propagation 

The investigation by tear test methods into the 

properties of metal-arc butt weld deposits on some 
Al-Mg alloys and stainless steels, which has been 
partially reported by the author,’ revealed the follow- 
ing general conclusions 

(1) In spite of some variation of weld metal quality, the 

values of load to fracture and the ductility were generally 
similar. Defects in the welds markedly decreased the maxi- 
mum load and energy to initiate fracture 

The values for maximum load for the initiation of fracture 
in the weld deposit were generally about 40°,, lower than 
for the parent metal 

The increase of strength with decrease of temperature of 
testing, as shown by the parent metal, was only of a very 
low order in the weld deposits. These differences in prop- 
erties between weld and plate were more pronounced at 
lower temperatures 

The energy values for initiation and propagation of frac- 
ture were considerably lower in the weld deposits than 
within the parent metal 

(5) There was good agreement between comparable results 

for the tear test and the Tipper notched tensile test 


The addition of alloying elements such as Mo, Ni, 
and Mn to the core wire and the use of low-hydrogen 
types of electrode, has improved the performance of 
the welds at low temperatures, but procedure and 
workmanship have to be rigidly controlled. Pre- 
heating and stress-relieving treatments, on the whole, 
do have some influence on the transition temperature 
range. The effect of these treatments is twofold: 

(a) To improve the micro-structure in the heat-affected zone 


(h) To minimize the stress concentrations to a more Salis- 
factory level 


Analysis Control 


The control of the mechanical properties of weld 
deposits begins at the electrode manufacturers’ works, 
and is achieved by control and knowledge of analysis 


variations. Analysis checks are made either on each 
batch of core wire or at each end of the coils. Sulphur 
is the most important element to be constantly 
checked, and in Britain the content is about 0-030°,. 
Maxima are specified at 0-040°, with freedom from 
injurious segregations. Bulk buying of the core wire 
means that very little further check analysis need be 
carried out, since the results are so consistent. Some 
control of the Mn may however be necessary for 
soundness of the deposit and for keeping the mech- 
anical tests within the specified ranges. 

For special high-alloyed steel electrodes, check 
analyses of all batches are made, which ensure that the 
structure of the deposit will be satisfactory for the 
special conditions of the intended service. Carbon, 
silicon, manganese, sulphur, chromium, nickel, and 
molybdenum are determined. There is a further possi- 
bility that samples of the weld deposit will be sub- 
jected to the specific service environments and their 
rate of corrosion measured. 
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Metallographic Control 


Metailographic control consists of the examination 
of the welded zones by the unaided eye or at low-power 
magnifications. The samples are obtained either by 
sectioning transversely across the weld, trepanning, or 
by the use of a ‘weld-prober’ instrument. It is essential 
that great care be exercised in the repair welding at the 
positions of trepanned samples or probes. The contour 
of the groove must first be made suitable for re-welding 
and the full depth should be soundly filled with the 
deposit. 

The samples will require some degree of polishing 
and are then etched with suitable reagents. The pur- 
pose of the examination is to identify any types of 
surface or internal defects, to determine the number of 
weld passes and the grain structure in the weld and 
fusion zone, and to assess the geometry of the deposit. 
For the deposits from high-alloyed steel electrodes, 
examination at high magnification for the quantities 
and distribution of the minor phases may be necessary. 
For this purpose, the samples are prepared to a mirror 
polish and etched according to the micrographic 
technique 


Conclusions 


Today, one of the main difficulties of quality control 
by destructive testing has become the rate at which the 
higher exacting quality requirements can be tested 
whilst keeping up with the high production rates of 
mechanized methods of welding. For this reason, proof 
testing, as an indication of workmanship and freedom 
from defects, must still be maintained as a safety 
measure of the subsequent good service of the weld- 
ment. This form of testing, however, only assimilates 
Static conditions of stressing, and cannot indicate 
what may happen under other forms of stress likely to 
be encountered, such as shock or fatigue loading. 
Defects which could lead to failure by these two con- 
ditions are not always revealed by proof testing. 

The measure of quality by destructive testing thus 
consists of the correlation of the results of a truly 
representative sampling procedure to the data ob- 
tained from weldments tested to destruction and the 
standards which have been based on performance in 
service. 
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Standards of Welding for Airframe 


and Aircraft Engine Parts 


The welding of stressed parts for aircraft may be undertaken only by firms whose 
inspection organization has been approved by the Aeronautical Inspection 


By F. J. Tranter, F.1.M. 


Directorate or the Air Registration Board. All materials must comply with 
relevant specifications and are supplied only by approved firms. 


The paper describes the various forms of test and inspection methods needed 
to comply with these requirements, particular attention being given to com- 
petency tests for operators. Details are also given of different methods of non- 
destructive examination. 


HE inspection of Service airframes and aircraft 

engines is the responsibility of the Aeronautical 

Inspection Directorate, and for civil aircraft the 

Air Registration Board is responsible. The A.I.D. and 

A.R.B. standards for welds are identical and the 
details given in this paper are applicable to both. 

Whilst it is outside the scope of the paper to discuss 
inspection generally, it may be of interest to mention, 
for the benefit of those unaware of A.I.D. and A.R.B. 
requirements the ‘approved’ system of inspection. Each 
firm supplying material or parts must have an approved 
inspection organization under the control of a Chief In- 
spector, who is responsible for ensuring that all such 
material or parts for embodiment in aircraft or associa- 
ted equipment complies with specification or design 
requirements, and that the method of manufacture, pro- 
cesses used, and testing are in accordance with stipulated 
requirements. Full identification of every part is main- 
tained so that any failure of inspection can be traced to 
the firm responsible without difficulty. All approved 
firms are supervised by A.1.D. staff and in certain firms 
A.1.D. staff are resident. As many firms have limited 
testing facilities several public test houses are approved 
to undertake the testing on their behalf. Certain firm’s 
laboratories and public test houses are approved for the 
examination of welds and are competent to assess the 
suitability of welders for welding stressed parts. These 
“Weld Test Houses’ are checked at A.I.D. Laboratories 
sO as to ensure that the stipulated standards are 
maintained. 

Welded aircraft parts are made only at approved firms, 
and all materials used are fully released to the welding 
firm from approved suppliers. All such materials will 
have been tested to ensure conformity with relevant 
specifications. In addition to specification requirements 
certain additional stipulations and inspection recom- 
mendations are given in a series of Inspection Instruc- 
tions. The relevant instruction for welding is $.P.4089 
D.443, and the main points from this instruction will be 
given. 


All aircraft parts, whether details or complete 
assemblies, are classified according to their importance 
in the aircraft. Class I parts are those, whether highly 
stressed or virtually unstressed, whose failure would 
result in loss of control of the engine or aircraft. 
Class Il parts are stressed components other than 
those covered by Class I. Class III parts are unstressed 
or lightly stressed parts not covered by Class I. The 
classification of parts is obviously a matter for the 
design authority. Welded parts of Class I will require 
radiological examination where applicable, will be 
examined for defects by magnetic or penetrant flaw 
detection, will be proof loaded or pressure tested as 
required, and in addition a proportion will be sectioned 
for mechanical tests and micro-examination. Class 
II parts may require similar tests but proof loading or 
pressure tests may be made on a percentage basis and 
the number of cut-up tests will be less. 


Non-Destructive Testing 


It is difficult to give precise requirements concerning 
non-destructive tests, for they are largely dependent on 
the part being welded, so that the tests required are 
detailed on the drawing for each part. If a drawing 
calls for radiological examination, the part will be 
radiographed in accordance with an approved tech- 
nique, and it is necessary for the radiologist to be 
approved for the particular class of work. Radiology 
is often a useful method for weld assessment but it 
usually needs to be supplemented by other tests. 
Where facilities exist, radiology is particularly useful 
in the initial stages of unfamiliar work and it may well 
be used for occasional checks on routine work. 
Experience has shown that the satisfactory control of 
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production welds made by pressure techniques can be 
maintained without recourse to radiology. For certain 
applications, however, such as the detection of 
tungsten spatter in argon-arc welds, radiography is 
the only satisfactory method of examination. 

Magnetic or penetrant flaw detection is widely used 
to reveal cracks and porosity; magnetic flaw detection 
is mandatory for certain steel welds. For example, all 
electric arc welds used in primary structures, other 
than those in austenitic stainless steels or certain low- 
carbon steels, must be magnetically flaw detected, as 
must all steel parts made by flash welding. 

In general, the examination of stressed aircraft 
welds by ultrasonic means is impracticable. 


Welding Processes 


Of the various fusion welding methods available the 
most widely used in the aircraft industry is still the 
oxy-acetylene process, which is particularly useful 
for material up to about 16 s.w.g. (0-064 in.). This 
process often results in distortion of the welded part 
owing to the spread of heat from the weld but, on the 
other hand, the heat spread minimizes the risk of hard- 
zone cracking. However, because a number of metals 
require an active flux when welded by the oxy- 
acetylene flame, this process has been superseded in 
many instances by the inert-gas shielded-are process. 
This is particularly evident in magnesium alloys where 
flux entrapment in fillet welds often leads to rapid 
corrosion 

Because the metal-arc process is not normally appli- 
cable to material thinner than 16 s.w.g. its use in the 
aircraft industry is rather restricted. The heat con- 
centration with this method presents less of a problem 
with distortion, but hard-zone cracking is more likely 
to occur. Mainly because of this feature, welding of 
steels which are not heat-treated after welding is 
limited to those with less than 0-26°, C. Steels with 
more than this amount and alloy steels (other than 
austenitic stainless) are pre- and post-heated, and the 
heating techniques are stated on the relevant drawings 
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Although the carbon-are process may be used on 
materials of about 20 s.w.g. and thicker, its use is now 
mainly limited to welds which are inaccessible to 
metal-are or argon-arc welding. The atomic hydrogen 
process has been largely superseded by the inert-gas 
(argon) shielded arc, although it offers advantages in 
the welding of unkilled mild steel components. 

Resistance welding is widely used and the processes 
include spot, stitch, seam, projection and flash welding. 


General Requirements 


As stated previously, all materials, with the except- 
ion of fluxes, are fully released to the welding firm by 
an approved supplier. As there are many proprietary 
fluxes available, the welding firm may use which ever 
they prefer, but must prove in their own laboratory 
that the flux does not lead to undesirable weld metal 
characteristics and that the residue after welding 
is easily removed by mechanical or chemical means. 

The gas used for welding must be pure. As impuri- 
ties in argon gas give rise to low-strength welds, in 
aluminium and magnesium alloys particularly, the gas 
used for welding these alloys must be declared as 
suitable for this purpose by the supplier. The presence 
of a golden film on light alloy welds indicates impure 
gas. 

Filler rods must be of the appropriate type specified 
in BS.1453 and electrodes as specified in BS.639. 

Since the quality of fusion welds generally depends 
largely upon the operator, it is encumbent upon the 
Chief Inspector of the welding firm to ensure that the 
welders employed on aircraft parts are competent to 
produce satisfactory work. The details of initial com- 
petency tests on welders are given later. After a welder 
has been proved competent to weld a certain class of 
work, check test samples of his work are taken at 
intervals not exceeding two months for examination 
by an approved laboratory. The A.R.B. issue a certifi- 
cate of approval for such welders but no certificate is 
given by A.I.D. If an operator engaged on A.I.D. 
welds changes his place of employment, he must 
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satisfy the Chief Inspector at his new firm that he is 
competent to weld aircraft parts by undergoing a 
suitable competency test. 

The consistent production of sound resistance welds 
is largely dependent on machine factors, such as the 
ability to repeat the electrical and mechanical opera- 
ting cycles, including accurate time control, stability 
of the electrical supply and rigidity of the welding 
machine. In addition, the quality of the welds is 
affected by the preparation of the material to be 
welded, the presentation of the work to the machine, 
and the condition of the electrodes. Frequent tests on 
welds from each machine are essential (see p.447). The 
surfaces of the material to be welded should be suit- 
ably cleaned by mechanical or chemical means and 
where chemical cleaning is required only approved 
solutions should be used. The electrodes must be main- 
tained in a clean condition and it is considered bad 
practice for them to be hand filed in situ to maintain 
correct tip form and size. 


Testing of Welders 


For the purpose of testing a welder’s competency 
for fusion welding, materials are classified broadly as: 
Group | 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 


Aluminium alloys 

Magnesium alloys 

Carbon steels 

Corrosion and heat resisting steels 
Nickel alloys 

Copper alloys 

litanium alloys 
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A welder may be proved competent in any one or 
more of the groups. Thus a welder who is engaged 
solely on mild steel welding would be approved in 
Group 3 only, and he would not be permitted to weld 
materials in any of the other groups until a com- 
petency test on the appropriate materials had been 
satisfactorily made. 

For fusion welders, five different types of compe- 
tency test samples are available. These are shown in 
Figs. | to 5. The welder is required to make one or 
more of these standard samples depending upon the 
type of work on which he is engaged. Specimens 
shown in Figs. | to 3 and 5 are designed for gas 
welding tests, and those in Fig. | (with thicker gauge 
material) and Fig. 4 for are welding. In certain circum- 
stances, where none of these samples are appropriate, 
a special sample may be used. The samples are welded 
under the supervision of the Inspector, but if the 
welder is dissatisfied with the quality of his work on 
any sample he is permitted to weld another. Should a 
welder fail his competency test, he may submit further 
samples after not less than one month’s additional 
experience. 

Once the welder has been proved competent, check 
tests are taken at least once every two months to 
verify his continued skill. For this purpose samples of 
the actual work being made are selected without 
previous notice. To keep the cost of this check-testing 
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7—Test specimen for stitch or seam welds 
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All welds are inspected and tested in the as-welded 
condition. Light tapping with a hammer to break off 
scale deposited by covered electrodes is permitted. 

For resistance welds, samples made in accordance 
with Figs. 6 and 7 are submitted for test. Since, with 
this method of welding, the quality is dependent 
mainly on the welding machine, tests are made daily, a 
suitable basis being one test before a day’s run and 
one at the end, with an additional test whenever a 
fresh setting is made or the electrodes are changed. 
Many firms make other tests such as the chisel test, at 
intervals during the day, at such times as when a new 
batch of material is welded, or when any doubt is felt 
from visual examination that the operating conditions 
may have altered slightly or the electrodes have spread 
a certain amount. 

Tabie | 


Material suitable for welding by non-pressure processes 





Minimum tensile 
strength 
after welding* 
tons/sq.in 


Material Specification 
Group I: 
Aluminium alloys L.16 
L.17 
L.59 
D.T.D.182 
D.T.D.186 
D.T.D.634 


Group 2: D.T.D.118 
Magnesium alloys D.T.D.348 
D.T.D.626 

D.T.D.5021 


S.510 
S.511 
$.514 
S.515 
T.6 
T.26 
T.35 
T.45 
Toe 
T.54 
T.56 
T.59 
T.60 
D.T.D.740 


Group 3: 
Carbon and low-alloy 
steels 


$.520 
S.521 
S.522 
Tao 
T.58 
T.61 


Group 4: 
Corrosion and heat- 
resisting steels 


D.T.D.328 
D.T.D.703 


Group 5: 
Nickel alloys 


D.T.D.283 
British Standard 
265 


Group 6: 
Copper base alloys 


British Standard 
, 


~ 


Group 7: D.T.D.5023 


Titanium alloys 


As specified 
> by design 


D.T.D.5033 J) authority 





* Calculated on area of cross-section of test-piece, ignoring 
thickening at the weld, for sheet butt samples, or on nominal 
dimensions of tube. The values are intended for welders’ 
competency tests only. 


Standards of Acceptance 


Tensile and shear tests 

All but one of the competency test samples require 
a tensile or shear test on part of the sample. The 
tensile results serve as a useful guide to the quality of 
the weld and are supplemented by micro-examination 
and for butt welds by bend tests. A list of materials 
normally used for welding is given in Table I. If a test 
sample breaks through the weld, the minimum tensile 
strength given in column 3 must be attained or the 
sample is rejected. 

For spot welds the sample shown in Fig. 6 is used. 
Three welds are made on the longitudinal axis of the 
test piece, and the first weld is removed by drilling 
or isolated by means of a saw cut. The test piece is held 
axially so that the second and third welds are tested in 
shear. The strength per spot is taken as one half the 
maximum load required to break the sample and is 
quoted in pounds per spot. For stitch and seam welds 
the test sample is as shown in Fig. 7, and the shear test 
sample is made not less than | in. wide. The values 
obtained are quoted in pounds per inch of weld. 

No minimum values for shear tests on spot and 
seam welds are stipulated by A.I.D., as this is a matter 
for the design authority. However, the Ministry of 
Supply recommend* minimum properties for certain 
classes of material. These properties are reproduced 
in Tables II to IV, and it is to be noted that for a joint 
between sections of unequal thickness, the weld shear 
strength should be based on the thickness of the 
thinner sheet. 

Normally, satisfactory spot welds fail during the 
shear test by the slug pulling out of one of the sheets, 
and stitch and seam welds fail in the sheet adjacent to 
the welds. Samples which fail through the weld are 
always regarded with suspicion. 

Bend tests 

Provision is made on the fusion weld sample (Fig. 1) 
for a bend test, with the weld along the axis of the 
bend and with the base of the weld on the inside. To 
facilitate close contact with the bend former, excess 
weld metal on the underside of the weld may be 
removed by filing or grinding, and the edges of the 
samples in the vicinity of the weld should be given a 
reasonable radius. Bend tests are made through 180° 
over a radius of 2¢ with these exceptions: magnesium 
alloys are bent through 180° over a former of radius 
107, aluminium alloy to Specification D.T.D.182 over 
a radius of 51, boron-containing steels over a radius of 
3, and titanium over 41. Bend samples from austenitic 
stainless steels are given the acidified copper sulphate 
‘weld decay’ pickling treatment in the as-welded 
condition and are then bent through 90° over a radius 
of 31. The test is considered to be satisfactory if the 
test piece withstands the bending without showing 
cracks visible to the naked eye. 


Other mechanical tests 

For spot, stitch, and seam welds, a rapid and infor- 
mative test is the chisel or prising test, in which the 
test sample is held in a vice and prised apart with a 





*“The manufacture and inspection of welded structures for 
aircraft engine parts”. Ministry of Supply Welding Panel of the 
Gas-Turbine Collaboration Committee, 1957, H.M. Stationery 
Office, London. 
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Table 


Plain carbon and low-alloy steels 





Minimum failing load 
Thickness Recommended Minimum Minimum 
swig tip dia., nugget dia., pitch, Spot welds Seam and stitch welds lb/in 
n in in lb/spot S.84 S.3 
0-094 300 ’ 930 
100 300 2 1030 
106 300 5 5 1130 
113 0-350 1380 
350 25 1755 
350 5 2010 
350 1610 2260 
3010 
4010 
S010 


6010 





Notes 

For three pieces increase pitch by 30 

The minimum overlap shall be 14 times the diameter of the electrode or track width, and the weld should not approach the edge 
of the sheet closer than half the diameter of the electrode 


Table Ill 


Stainless steels and heat-resisting materials 





Recommended Minimum failing load 
electrode tip Minimum Minimum 
Thickness diameter or track nugget diameter, pitch, Spot welds Seam and stitch 
swig width, in in in lb spot welds lh/in. 
0-100 3 390 
106 
112 
119 
150 


164 


SO10 
6265 


7010 





Notes 

For three pieces increase pitch by 30 

The minimum overlap shall be 1) times the diameter of the electrode or track width, and the weld should not approach the edge 
of the sheet closer than half the diameter of the electrode 
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Table IV 


Aluminium alloys 





Flat Domed 
electrode electrode Vin weld 
tip dia tip rad., dia., 


im in 


Thickness 


0-100 
0-106 
0-113 
0-125 
0-133 
0-150 
0-159 
0-176 
0-200 


0-225 


Vin weld 
pitch, 
in Group 


Shear strength lb/spot 
Group B Group € 

150 90 

180 

200 

250 

310 


400 


445 





Notes 
The minimum overlap shall be | 
edge of the sheet closer than half the diameter of the electrode 


Group A 


High-strength, heat-treated alloys con- 
taining copper or zinc, e.g. DTD.687, 
646, 610, 710, BS. L.3, L.38, L.47, L.70, 


hdhy Endy Rnd 346, BS. L.46. 


chisel. Welds in which the adhesion is poor or where 
there is a large amount of cracking will tear easily 
along the weld line, whilst satisfactory welds either 
pull out of the parent sheet or failure occurs adjacent 
to the weld. Tests of this type are carried out at 
frequent intervals to ensure satisfactory control by the 
welding machine. 


Metallographic examination 

The most informative test for welding competency 
is the examination of prepared sections by macro- 
and micro-examination. In addition to mechanical 
tests, all samples for the initial competency tests 
require examination of sections across the weld. The 
sections for examinations are suitably polished and 
examined in the unetched and etched conditions both 
at low (x 10 approx.) and high ( x 100 min.) magnifi- 
cations. The examination in the unetched condition is 


Group B 
Medium strength, corrosion 
material Al/Mg (all tempers) or Mg,Si 
heat-treated materials, 


times the diameter of the electrode or track width, and the electrode should not approach the 


Group € 
resistant Pure aluminium and low-strength cor- 
rosion resistant materials (all tempers), 


e.g. DTD.606, e.g. DTD.213, BS. L.16, L.17 


important, for certain features, e.g. intergranular 
oxide films, are more easily discernible before etching. 
The sections must show satisfactory fusion and pene- 
tration and should be free from defects such as cracks, 
intergranular oxide, excess cavitation, and harmful 
inclusions. Samples revealing these defects on micro- 
examination are rejected irrespective of the tensile 
results. 

Sheet butt welds conforming to Fig. | must have 
full penetration and satisfactory fusion. A typical 
satisfactory mild steel sample, welded by the oxy- 
acetylene process is shown in Fig. 8. Insufficient pene- 
tration resulting in lack of fusion at the base of the 
vee is a rejectable fault. A typical example, again oxy- 
acetylene, is illustrated in Fig. 9. Defects of this type 
are more prevalent in metal-arc butt-welded samples, 
particularly on thicker gauges that have been incor- 
rectly chamfered. 


8—Satisfactory oxy-acet- 
ylene butt weld in 
mild steel sheet 18 
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In the samples shown in Figs. 2 to 5 most of the fillet 
welds are made between materials of different thick- 
nesses, and experience has shown that a welder who 
prepares such samples satisfactorily is competent to 
weld most aircraft parts successfully. It has been found 
that perfect welds, such as that shown in Fig. 10, are 
very rare, and that most parts have sufficient strength 
even when there may be some lack of fusion near the 
apex of the weld. Lack of fusion near the toe is not 
acceptable. For the gas-welded samples (Fig. 2) the 
tendency when welding a 20 s.w.g. tube to a 16 s.w.g. 
sheet is to have complete fusion through the tube wall 
and insufficient fusion to the sheet. However, if the 
lack of fusion from the apex of the weld does not 
extend more than about one third the leg length, and 
the effective throat thickness is greater than the thick- 
ness of the thicker member, the sample may be 
accepted if all other features are satisfactory. Figure 11 
shows an approximately borderline sample with 
respect to fusion and throat thickness; the presence 
of the cavity renders the sample as a whole unsatis- 
factory. The weld shown in Fig. 12 is an example of 

9— Insufficient penetration in oxy-acetylene butt weld in mild the use of insufficient weld metal: the slight lack of 
steel sheet 100 fusion to the sheet makes the effective throat depth 
unsatisfactory. For angle welds of less than 45°, such 

as the 30° angle shown in Fig. 3, because of the diffi- 

culty in obtaining penetration to the root and the 


Satisfactory fillet weld 


12—Jnsufficient weld metal in fillet weld 


Cavity in unsatisfactory fillet weld x Acceptable fillet weld in 30° angle joint 
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danger of excessive melting of the tube walls if full 
penetration is attempted, the presence of a cavity at 
the root or lack of fusion is not regarded as a reject- 
able feature if there is an adequate throat depth. A 
typical 30° angle that is regarded as acceptable is 
shown in Fig. 13. The lack of fusion shown would not 
be sufficient to warrant rejection, so long as the 90 
and 60° angles on the same section were satisfactory. 

In contrast to insufficient penetration and fusion, 
some degree of over-penetration with satisfactory 
fusion is not regarded as a serious defect. Isolated 
excrescences of excess penetration on the underside of 
the weld are not regarded as detrimental provided that 
‘frothing’ or ‘coking’ with associated cavities and 
oxide films has not occurred. Some materials, parti- 
cularly steels which have not been fully killed, tend 
to froth badly. In such instances, where the fault is not 
considered to be a welding one, recommendations for 
the operator to submit a further series of tests without 
delay are made. 

One feature which is particularly associated with 
argon-arc welding is known as the ‘underbead’ defect. 
A typical example in an aluminium weld is shown in 
Fig. 14. Provided that such defects are confined to the 
underbead and their total length does not exceed 20° 


15— Unacceptable faults in misaligned joint 
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16—Jntergranular oxide films in oxy-acetylene weld 100 


of the thickness of the sheets being welded they are 
regarded as acceptable. 

Severe misalignment of parts during welding is a 
rejectable fault, but occasionally, owing to distortion, 
areas of misalignment may occur. In such instances, 
if the joint is clean and shows good fusion, the sample 
will be accepted. However, areas such as that illu- 
strated in Fig. 15 are unsatisfactory. 

Channelling and undercutting are rejectable faults 
if the effective thickness is reduced to less than that of 
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18—/ntergranular oxide film in austenitic stainless steel weld 
100 


the original sheet or tube. It is often difficult to assess 


this on visual examination, and frequently parts thus 
examined are regarded as suspect and may be rejected 
unnecessarily. In such instances it is advisable to 
section a representative sample to confirm that thin- 
ning has actually occurred 

Satisfactory oxy-acetylene welds require a neutral or 
slightly reducing flame. Attempts to produce welds 
with a marked excess of acetylene are generally 
unsuccessful; fusion is difficult and the welds tend to 
crack. Welds produced with a slight excess of oxygen 
may contain intergranular oxide films of the type 
shown in Fig. 16. In this instance, the oxide film is 
readily apparent in the etched condition, but this is 
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Vartensitic zone of weld in Fig. 19 


not always so, and unetched samples should be 
examined. Intergranular oxide films promote crack 
formation and rapid failure, and their presence is an 
immediate cause of rejection. The type of crack often 
associated with intergranular oxide is shown in Fig. 17. 
hese films are most frequently encountered in carbon 
steel welds but they have been observed in magnesium 
and stainless steel welds, a typical example in auste- 
nitic stainless steel being illustrated in Fig. 18. In the 
author's experience, deleterious intergranular oxide 
films in aluminium welds are very rare, and in general 
most oxy-acetylene welds in light gauge aluminium 
are satisfactory in all respects. Aluminium plate 
samples about } in. or more in thickness, welded by 
manual or automatic argon-arc processes, have often 
been found to contain blowholes, tungsten particles, 
and occasional cracks, and sometimes they show poor 


19— Metal-arc welded tube- 
to-sheet joint <10 
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21—Cracks on underside of weld in nickel-base alloy 10 


penetration. Examination of such samples has been 
most successful using radiography. 

The possibility of hard-zone cracking has already 
been mentioned. Figure 19 shows a metal-arc welded 
tube-to-sheet joint, the composition of the tube being 
0:26°, C, 1-5°. Mn, and of the sheet 0-20°, C, 0-6% 
Mn. The martensitic zone in the tube, shown in Fig. 
20, had a hardness of 450 to 500 D.P.N. whilst the 
sheet hardness adjacent to the weld was 220 D.P.N. 
The tube would be very prone to crack formation in 
service and it would be important that it should be 
subjected to post weld tempering. 

The standards already referred to have dealt mainly 
with oxyacetylene welding, but the requirements are 
similar for other welding processes. Different materials 
present their individual problems. For example, care 
must be taken with Ni-base alloys such as Inconel to 
prevent cracks on the underside of the weld (Fig. 21). 
Titanium has been successfully welded by the argon- 
arc process but it is prone to hydrogen pick-up. 
Hardness tests on prepared sections (the welded zone 
should not be more than 20 D.P.N. harder than the 
material remote from the weld) and bend tests are the 
most useful tests in this instance. 

For resistance welds, if a firm has several machines 
operating and the machines are possibly reset several 
times during the day, the number of samples for 
micro-examination may be excessively large. In such 
instances, provided that satisfactory control has been 
established and the shear or chisel tests indicate that 
the welds are sound, the number of micro samples may 
be reduced to not less than 10°, of the total. The 
micro samples are examined unetched and etched, and 
examination at low magnification is particularly useful 
to indicate the presence of cavities and excess porosity. 
A small amount of cracking is permissible in the weld 
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23— Aluminium alloy spot weld with acceptable cavities 


24— Unsatisfactory aluminium alloy spot weld showing large 
cavity and displaced nugget 


nugget but no cracks should be permitted outside this 
area. Similarly, slight porosity in the centre of the 
nugget can be accepted. For sheets of equal thickness 
the fusion zone should be centrally positioned and its 
depth should be not less than 40° or more than 80% 
of the total sheet thicknesses. The optimum depth 
varies according to the material being welded. Sheet 
separation should be not more than 10°, of the total 
sheet thickness and electrode indentation not more 
than 10° of the original sheet thickness. 

Experience has shown that once a technique has 
been established for heat-resisting steels, Nimonic 
alloys, and titanium alloys, consistently satisfactory 
welds can be produced. More difficulties are en- 
countered with aluminium alloy materials. Many of 
these are ‘clad’ with aluminium for protection against 
corrosion and it is important, because of reduced 
corrosion resistance, that electrode pick-up of the 
coating does not occur and that the fusion zone does 
not penetrate to the outer coating. Figure 22 illu- 
strates a satisfactory aluminium alloy spot weld; a 
weld with small cavities in the centre, considered to 


22—Satisfactory alumin- 


ium alloy spot weld 
10 
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be acceptable, is shown in Fig. 23, and an unsatis- 
factory sample with a slightly displaced nugget and 
containing a large cavity is shown in Fig. 24. An 
example of insufficient depth of fusion zone combined 
with slightly excessive electrode indentation in one 
sheet is shown in Fig. 25, whilst Fig. 26 illustrates a 
borderline sample with respect to depth of fusion zone, 
electrode indentation and sheet separation. The alu- 
minium alloy weld shown in Fig. 27 has an excessive 
fusion zone and this, coupled with marked electrode 
indentation, has resulted in the zone extending into the 
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Aluminium alloy spot 
weld showing  in- 
sufficient depth of 
fusion and excessive 
electrode indentation 

x20 


26— Borderline example 
of aluminium alloy 
spot weld 20 


Excessive fusion zone 
and indextation in 
aluminium alloy spot 
weld 10 


coating. A satisfactory Nimonic stitch weld is illu- 
strated in Fig. 28. 

Flash butt welding is suitable only for steel, and it is 
important that the oxide formed during the ‘flashing’ 
period should be squeezed out of the joint. Exami- 
nation of prepared sections will reveal the presence of 
oxide without difficulty, but clectro-magnetic flaw 
detection after the excess metal has been removed is a 
most useful method of inspection. 

Argon-arc spot welding (‘puddle’ welding) is nor- 
mally used for attaching a thin member to a thicker 





TRANTER: STANDARDS OF WELDING FOR 


30— Argon-arc spot weld showing satisfactory surface but shallow 
penetration x18 


part in locations where other forms of welding or 
riveting are impracticable. The parts must be close 
together, the separation being less than 0-001 in., and 
the cooling conditions must be controlled to prevent 
piping. This piping effect is associated with a crater 
at the surface (Fig. 29), whereas a weld made with 
controlled cooling frequently has a small pip in the 


centre. Such a weld, but in this instance showing 
shallow penetration, is illustrated in Fig. 30. 
Although bronze welding is not a true welding 
operation in that the basis metal is not melted, a brief 
mention should be made of the process. Unlike low- 
temperature brazing, such as silver soldering where 
complete penetration;of the joint is obtained and a fillet 
is not essential, the flow properties of the filler 
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Satisfactory _ stitch 
weld in Nimonic alloy 
18 


31—Crack in bronze weld resulting from sudden expansion and 
contraction < 100 


materials used in bronze welding are generally inferior 
to those of the silver solders, and it is important to 
provide a fillet. Complete penetration to the inside of 
the joint is not regarded as mandatory but a clean and 
satisfactory bond along both sides of the fillet is re- 
quired. The heat applied for the operation (usually by 
oxy-acetylene) must not result in overheating of the 
basis material. In carbon steels particularly, inter- 
granular penetration of the filler material will occur if 
the basis material is overheated. Any evidence of large 
grain size resulting from the brazing operation is a 
rejectable fault. 

Since the speed of the brazing operation is relatively 
high, the sudden expansion and contraction effect may 
result in a crack forming, such as that shown in 
Fig. 31, even though the material has not been over- 
heated. It is important to examine joints for evidence 
of such defects, which are generally best observed on 
the nuderside of the joint. 
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Radiographic Inspection Techniques 
for Weld Examination 


By R. Halmshaw., B.SC.. A.R.C.S., ANST.P. 


The factors to be considered in deciding on the details of a radiographi 
technique suitable for weld examination are discussed. It is shown that 
with most equipment a compromise has to be made between attainment 
of the best possible definition and an economic exposure time 

The smallest size of defects of different shapes which may be detected 
by radiography is discussed, and a method of calculating the dimen- 
sions of just-detectable cracks is proposed, which has been shown to 
agree with experimental results. 

The radiographic examination of steel welds thicker than 3 in. is 
discussed with reference to the performance of available equipment. 


O provide the inspecting engineer with as much 
information as possible, it seems obvious that 
the radiographic techniques used for weld 
examination should be such as to produce the highest 
possible radiographic sensitivity, consistent with an 
economic exposure time; such techniques will, in 
general, result in easier and more certain identification 
of defects. Radiography on film is a relatively expens- 
ive inspection method whatever techniques are used 
and the cost of obtaining high-sensitivity radiographs 
iS In most instances very little more than that for 
poorer-quality films 
Occasionally it may be necessary to employ low- 
power portable equipment on thick specimens, and 
under such conditions a high-sensitivity technique may 
be impractical because of time. 
On much ‘site’ work also, the use of simple equip- 
ment for gamma-radiography has great attraction in 
preference to bulkier X-ray equipment, and here a 


compromise has to be made between the acceptance of 


a poorer sensitivity, the time factor involved, and the 
comparative convenience of X-ray and gamma-ray 
apparatus. A decision on the suitability of gamma-ray 
methods can only be made from a knowledge of the 
particular work to be inspected and will also depend 
on the thickness of metal involved; in general, gamma- 
radiography yields a poorer sensitivity than X-radio- 
graphy, but the difference in sensitivity becomes 
smaller as the specimen thickness increases. 

Very approximately, X-radiography gives a con- 
Stant percentage sensitivity over a wide range of 
specimen thicknesses if suitable techniques are chosen, 
and a defect which is on the limit of detectability in a 
2 in. thick weld will thus be approximately twice the 
size of a defect of the same form, which is just detect- 
able through | in. steel. Clearly, also, a defect which 
is just detectable in a } in. weld, is not likely to be 
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found in a 2 in. thick specimen. Therefore it is import- 
ant not to increase unnecessarily the thickness to be 
radiographed by bad choice of technique: for example 
a double-wall technique on a circumferential pipe 
weld is undesirable if a single-wall technique is 
practicable. 


Technique 


Assuming that there are no over-riding factors, such 
as unsuitable equipment, adverse ‘site’ conditions, and 
the like, which prevent the use of a high-sensitivity 
technique, the following factors need to be considered 
in deciding the details of the radiographic set-up. 

All radiographic techniques involve compromises 
between several variable factors, and usually no tech- 
nique can be categorically described as the best, 
except for a given maximum exposure time on a 
particular equipment. On uniform, or near-uniform- 
thickness welds, the general aim, so as to obtain the 
highest sensitivity of defect detection, is to use a 
technique that will give both maximum radiographic 
contrast and the best possible definition of the image 
on the film. When considering the image of a defect 
which is near to the limit of discernibility on the radio- 
graph, contrast and definition are not independent 
parameters, and factors which influence contrast are 
likely to also have an effect on definition. 


Contrast 

High-contrast on a radiograph means that a small 
change in specimen thickness, such as may be caused 
by a small cavity in the weld, is recorded on the film 
by as large a difference as possible in film density 
between the image of the cavity and the background. 
Contrast is dependent on the type of film, its processing 
and the working film density, the X-ray energy 
employed, and the ratio of image-forming/non- 
image-forming (i.e., direct/scattered) radiation, reach- 
ing the film. 

Industrial X-ray film is currently marketed in five 
main types: 
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1. High speed, coarse grain 

2. Medium speed 

3. Slow speed, fine grain 

4. Very slow speed, very fine grain 

5. Screen-type film, for use with salt intensifying screens. 

In general, the slower the film, the higher is the con- 
trast it is capable of attaining, and with most films 
used in conjunction with metal-foil intensifying 
screens, the contrast also increases with film density 
up to quite high densities. Shortened development 
time can cause a reduction in contrast, and the film 
makers usually issue processing instructions which are 
designed to give the highest contrast compatible with 
a reasonable graininess. 

The X-ray energy, usually measured in terms of the 
kilovoltage applied to the X-ray tube, is the second 
important factor controlling radiographic contrast. 
With very thin steel specimens, or light alloys, this 
may be the most important factor under the operator’s 
control, for with soft X-rays a small change in kilo- 
voltage can produce a large change in contrast. In 
this energy region, below 100 kV, the amount of 
reduction of kilovoltage possible is usually limited by 
the exposure time, which increases rapidly as the 
kilovoltage is decreased. 

The third factor controlling contrast is the effect of 
scattered radiation. At any point on the film the 
incident X-ray energy is a mixture of primary radia- 
tion travelling on a direct path from the X-ray tube 
target and thus image-forming, and scattered radiation 
generated in the specimen (or externally) which may 
be incident at any angle on the film and is thus not 
image-forming. This scattered radiation has the effect 


for use with metal-foil 
intensifying screens 


of reducing the image contrast. The ratio of these 


radiation intensities (scattered/direct) for a given 
thickness of specimen, varies with the X-ray kilo- 
voltage and becomes smaller with very high-energy 
X-rays. This has led to much interest in megavoltage 
X-rays, but at medium kilovoltages little can be done 
to modify the effects of scattered radiation, except to 
eliminate any extraneous scatter originating outside 
the specimen, by means of masks, diaphragms, and 
so on. 

Almost all industrial radiography at X-ray energies 
higher than 100 kV makes use of film sandwiched 
between a pair of metal-foil intensifying screens. 
These screens, by emission of secondary electrons, 
increase the density (and so the contrast) obtained on 
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1—Typical microdensitometer trace across the radiographic 
image on a film of a sharp edge, showing effect of film un- 
sharpness on blurring of the image. A linear magnification, 
along the horizontal axis, of » 100 has been used 
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the film for a given exposure time, without any 
deleterious effects on definition. By absorbing the 
softer Compton-scattered radiation more strongly 
than the harder, primary radiation, such screens 
actually reduce the effects of scattered radiation, and 
thick screens are sometimes used with advantage on 
specimens of varying thickness, where the front 
screen acts as a combined filter and intensifying 
screen. Salt screens (calcium tungstate) have a much 
greater intensifying action than metal-foil screens, but 
produce a pronounced graininess owing to their 
crystal structure, which reduces definition; they also 
respond preferentially to soft radiation and so in- 
crease the effects of scattered radiation. In general, 
also, the films used with salt screens do not give as 
high a film contrast as non-screen films, and salt 
screens are now rarely used for weld radiography. 
Definition 

The blurring of the image on the film is primarily 
due to the combination of the effects of two factors, 
and is further complicated by the film graininess. The 
two factors which control image blurring are geometric 
unsharpness U, (which is dependent on X-ray tube 
focal-spot size and on the relative distances from the 
film of the tube and the weld defect whose image is 
being considered) and film unsharpness U; (which is 
caused by the spreading of secondary electrons in the 
film emulsion so that the image of a point is recorded 
as a small disc). The magnitude of film unsharpness 
varies slightly with the type of film, and increases 
rapidly with increase in X-ray energy. The combined 
effect of the two unsharpnesses is not obtained by 
simple arithmetic addition, and several formulae have 
been proposed for their summation. 

The variation in film density across the image of a 
sharp edge can be plotted from microdensitometer 
readings (Fig. 1), and the curves corresponding to 
different magnitudes of the two unsharpnesses can be 
obtained and measured. 

The distribution of film density across the image of 
a weld defect in the presence of radiographic un- 
sharpnesses could similarly be obtained, but there are 
as yet insufficient data on the effect on discernibility of 
variations in this density distribution when the 
corresponding image on the film is viewed, so that a 
different approach is necessary in fixing acceptable 
limits of unsharpness, for the purpose of defining a 
good radiographic technique. For a given type of film 
and X-ray energy, film unsharpness will have a fixed 
value and the geometric component can, in theory, be 
reduced until it is smaller than the film component, 
when the total unsharpness is then predominantly due 
to the film unsharpness. In practice, except with very 
high-energy X-rays, this requires very large focus- 
film-distances (F-F-D) and so very long exposure 
times, and some compromise is necessary. More 
experimental data on the effect on flaw-sensitivity of 
changing U, with a fixed U;, are very desirable, as 
this, in effect, is the evidence on which one calculates 
what F-F-D should be employed. 

The method of determining a radiographic tech- 
nique is, then, as follows: To obtain the best possible 
definition of weld defects, highly-stressed welding 
should be radiographed on fine-grain X-ray film, using 
metal-foil intensifying screens, and this fixes the value 
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of U;. Using this value, U, is chosen so as not to 
increase materially the image blurring, and as the 
specimen thickness and focai spot size (or gamma-ray 
source diameter) will be known, the required F-F-D 
can be calculated. Assuming an economical exposure 
time—usually between 2 and 5 min—the X-ray kilo- 
voltage necessary can then be obtained from an 
exposure chart, and is calculated so that the normally 
processed film will have a background density be- 
tween 2 and 3. This working film density is again a 
compromise between maximum film contrast, which is 
attained with very high film densities, and the need for 
using a film density which can be inspected in comfort 
with a commercial film illuminator. If the film density 
is too high, or the illuminator is of low brightness, too 
little light is transmitted through the film to the eyes of 
the inspector, and his ability to perceive small changes 
in film density, corresponding to shallow weld defects 
is reduced. 

On very thin specimens and on light-alloy materials, 
where low-energy X-rays are used, the choice of X-ray 
kilovoltage becomes a more important factor, because 
a slight reduction in kilovoltage allows a considerable 
gain in contrast, and so in sensitivity. A reduction in 
F-F-D permits a useful reduction in kilovoltage with- 
out increase in exposure time, and with thin specimens 
it is important not to employ an unnecessarily large 
F-F-D. 

A number of other points should also be noted: 

(1) With gamma-rays the energy of radiation cannot 
be varied except by changing to a different radio- 
active material, so that the only controllable 
factor, affecting contrast, is the film characteristic. 
Special care is therefore necessary to ensure that 
there is no unnecessary loss of film contrast. 
There is, of course, the same control over 
definition as in X-radiography, by choice of 
source-film-distance in relation to source dia- 
meter. In general, most gamma-ray sources emit 
relatively high-energy radiation, so that U; can- 
not be very small, and the definition of gamma- 
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radiographs is not usually as good as that of 
X-radiographs. 

(2) In the examination of welds of varying thickness, 
very high contrast may mean that only a portion 
of the weld is recorded on the film within the 
acceptable limits of film density. Thus, if the 
centre of a length of welding is exposed so as to 
have a film density of 2, outer portions of the 
same weld will have a much lower density be- 
cause of the increase in effective thickness caused 
by the obliquity of the radiation; in such regions 
the film contrast will be lower and so there will be 
poorer sensitivity. If such an effect is severe, as for 
example in a circumferential pipe weld with the 
film inside the pipe, some compromise is usually 
accepted and the X-ray kilovoltage is increased 
slightly; this results in a slightly poorer sensitivity 
on the thinner portions, but a more useful length 
of weld can be covered on each radiograph. 

(3) On very thick steel welds (over 4 in.) radiographic 
contrast changes very very slowly with X-ray 
energy, and almost the same sensitivity can be 
obtained by using 2, 4, 10, 20, or 30 MV X-rays. 
The chief control in technique with such high 
energy X-rays is in choice and use of film. Most 
X-ray machines which work in this energy range 
have a very high X-ray output, so that fine-grain 
or very fine-grain film can be used, with a large 
F-F-D, and without long exposure times. 

There are several published specifications’? of 
recommended radiographic techniques which give 
precise details in the form of tables of recommended 
kilovoltages and focus-film-distances. 


Detectability of Defects 


Having chosen a suitable technique the radio- 
grapher requires to know the smallest size of different 
defects which he can expect to detect. The only 
certain way of answering this question is to make 
exposures On test plates containing artificial cavities of 
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various shapes, but some information can be obtained 
from available penetrameter-sensitivity data. 

it seems to be well-established® that, using the same 
radiographic technique, the following table of size 


ratios is approximately true for the detectability of 


differently shaped cavities: the values are also con- 
firmed by comparisons of penetrameter-sensitivity, 
using different types of penetrameter. 


Relative depths of cavity, to be equally-discernible on a radio- 
graph 
Step-shape (edge) 
Wire of circular section (dia.) 
Cylindrical hole of dia.=2 « depth 
Spherical cavity 


The penetrameter sensitivities which can be ob- 
tained, using a good fine-grain X-ray film technique, 
with X-rays, are shown on Fig. 2, for two types of 
penetrameter, and for a range of steel thicknesses. 
Using these values with the foregoing table, the mini- 
mum size of a spherical air cavity, such as a gas hole 
in a weld, can easily be calculated. Thus, in | in. steel, 
it should be possible to detect cavities of 0-013 in. 


dia., and in 4 in. steel, cavities larger than 0-05 in. If 


the cavities are filled with slag or other material, the 
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3— Density distribution across the image of a crack, to show effect 
of unsharpness in spreading the image and reducing the 
contrast of the image, when U is greater than x 
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minimum detectable size will be larger, and is calcul- 
able only if the X-ray absorption of the material of the 
inclusion is known. 


Crack detection 

The detection of very narrow cavities, such as fine 
cracks of the order of 0-001 in. wide, is a more complex 
problem, and little experimental data have been pub- 
lished. A formula which gives some useful information 
can, however, be derived.‘ 

Film and geometric unsharpness have the effect of 
broadening the image of a narrow defect, and reducing 
its contrast in comparison with the image of a broad 
defect of the same depth (Fig. 3). Assuming a simpli- 
fied form for the film density distribution across the 
image of a step, i.e., the unsharpness curve such as 
that shown in Fig. 1, this loss in contrast due to un- 
sharpness can be represented by a simple formula,°® 
which can be combined with the equation for thick- 
ness sensitivity to obtain a relationship for crack 
sensitivity, assuming the crack to be in line with the 
X-ray beam. An equation of the form: 


U 
d = constant. : 


results, the full formula being: 
_2:3.U.4D ‘4 Is 
; oa G.x Ip 
where d is the depth of a crack of width x 
U is the total unsharpness, i.e., the combined effect of 
U, and U, 
4D is the minimum density difference which can be dis- 
cerned by eye on the radiograph: its value depends on 
viewing conditions and 0-006 has been adopted 
Is/Ip is the ratio of scattered/direct radiation intensities 
reaching the film (the build-up factor) 
pis the narrow-beam X-ray absorption coefficient 
G is the film gradient at the film density employed; 
assuming a working density of about 2:0, G=5 has 
been used. 


d 


The formula is restricted to the special case when 
the crack is aligned with the X-ray beam, and shows 
that if the radiographic factors are constant, the 
minimum depth of a detectable crack is inversely pro- 
portional to its width. The substitution of experimental 
values of the radiographic factors has enabled calcu- 
lated values of d to be compared with experimental 
values obtained on artificial cracks of 0-001 in. and 
0-004 in. width placed on various thicknesses of steel 
plate, and within the rather large limits of experi- 
mental error there is good agreement. 

The formula can be used to compare the crack 
sensitivity attainable with different radiographic tech- 
niques on the same thickness of material, and calcula- 
tions make it apparent that some factor based on an 
acceptable exposure time must be taken into con- 
sideration. The total unsharpness U, is the summed 
effect* of U, and U;, and as U, can be decreased only 
by increasing the F-F-D this means an increase in 
exposure time. Thus, with many X-ray equipments U, 
cannot be made as small as desirable in relation to U;, 
within an economic exposure time. For example, if 
3 in. steel is radiographed on fine-grain film with 





* U=(U2+ U-) + is often used to calculate U, although greater 
accuracy has been claimed for more complex formulae.* 
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400 kV X-rays, the minimum depth of a 0-001 in. wide 
crack which ought to be detectable can be calculated 
to be 0-05 in. (1-7",), but if the exposyre time is kept 
to 20 min maximum, an F-F-D of 36 in. cannot be 
exceeded on the equipment being considered, and the 
increased value of U makes the calculated crack depth 
0-29 in (9-7). 

The following table gives calculated values of crack 
sensitivity to illustrate the effect of using different 
techniques on 3 in. steel, and experiments with these 
radiations on artificial 0-001 in. wide cracks has con- 
firmed the calculations and the relative order of the 
techniques 


Minimum depth of 0-001 in. wide artificial crack, in line with the 
X-ray beam, detectable through 3 in. steel, using fine-grain 
X-ray film and an exposure time less than 20 min 





Equipment Focus size, Depth of crack, 


mum im, 
400 kV C.P. set 6 0-29 
1 MV resonance transformer 7 0-16 
5 MV linear accelerator 2 0-19 
Cobalt-60, 1000 curies 20 0-25 





If the crack is oriented at an angle @ to the X-ray 
beam, calculation of minimum detectable width and 
thickness is still more complex, and very little experi- 
mental data are available. An equation relating x, d, 
# can be derived, but has not yet been confirmed by 
experiment, although it seems probable that the gen- 
eral form of the curve will be similar to that found by 


Dutli and Tenney’ as shown in Fig. 4. These results, 
obtained using 1000 kV X-rays on 3 in. steel, constitute 


almost the only 
angulated cracks. 

There is some evidence® that with high-energy 
X-rays the shape of the unsharpness curve is slightly 
different from that obtained at 200 kV, in that the toe 
and shoulder of the curve are more pronounced, and 
this requires some modification to the equation relating 
the influence of U to the contrast of the image of the 
crack. The effect is to make the crack-sensitivity 
values very slightly better than the values obtained 
from equation (1). 


published experimental data on 
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4— Detection threshold of artificial cracks at different angles to 
the X-rav beam. 3 in. steel, 1000 kV X-rays, 72 in. F-F-D, 
Eastman Kodak A film. (From Dutli and Tenney’) 
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Radiography of Thick Steel Welds 


The radiography of welds in steel 3 in. thick and 
more, has attracted much attention in recent years 
because of the employment of such welding in nuclear- 
power plant, and it requires careful consideration 
because of the special radiographic equipment 
necessary. 

400 kV X-ray sets are approaching their useful limit 
of penetration, so far as high-quality radiography is 
concerned, at 3 in. steel, and for greater thicknesses 
very much poorer sensitivities are obtained if the 
exposure time is kept within reasonable limits. For the 
production of higher-energy X-rays there are | and 
2 MeV machines of the resonance transformer and 
Van de Graaff types, betatrons of energies between 
10 and 31 MeV, and 5 MeV linear accelerators. All of 
these are being used for industrial radiography but 
none have, as yet, been used for ‘site’ work. 

The linear accelerator has a very large X-ray out- 
put from a 2 mm focal spot, and a radiograph of 4 in. 
steel on fine-grain film at 7 ft F-F-D requires an 
exposure time of only 24 sec. One advantage of the 
very large output is that the F-F-D does not require 
careful adjustment to maintain a reasonably short 
exposure time; if staging, etc., makes the use of a 
normal F-F-D of 7 ft inconvenient, 4 in. steel could be 
radiographed at 30 ft F-F-D without the exposure 
time exceeding 20 min. The design of a linear acceler- 
ator, specifically for ‘site’ work, is under consideration. 

Another possibility, which should be discussed, is 
the use of a very high-strength gamma-ray source. 
Units of about 1000 curies of cobalt-60, built up from 
a series of thin discs to form a cylindrical source, are 
under consideration. A handling container for such a 
source is likely to weigh about 2 tons, and in estimat- 
ing probable exposure times it must be borne in mind 
that there is considerable self-absorption in a large 
cylinder of cobalt, so that the output of radiation in 
the forward direction is likely to be about 30”, less 
than the nominal 1000 curies. The radiographic 
performance of such gamma-ray sources will depend 
very markedly on the choice of source-film distance, 
which will again depend on the physical dimensions of 
the source. At present it seems likely that the first 
1000 curie sources supplied will be about 20 mm dia., 
and to get the best radiographic results on 4 in. steel a 
source-film distance of about 30 ft is therefore desir- 
able. Any distance less than this will result in a falling- 
off of sensitivity, so that a comparison of sensitivities 
with those obtained with other radiographic tech- 
niques must take account of the S-F-D to be used. 
Experimentally, the best sensitivities attainable on 4 in 
steel with cobalt-60 gamma-rays and with the 5 MeV 
linear accelerator, as measured with a wire penetra- 
meter, are almost equal (0-65°,), but to obtain this 
value an exposure time of 6 hr is necessary with a 
1000 curie source. If a less rigorous gamma-ray 
technique is employed, i.e., a shorter S-F-D, the 
sensitivity attained will be about 0-9-1-0°,, which is 
about 50°, poorer than with 5 MV X-rays. 

Other factors, apart from radiographic perform- 
ance in terms of sensitivity, must obviously be con- 
sidered in choosing equipment for use on ‘site’ work, 
but it seems probable that in the field of welding for 
nuclear-power projects, only the highest-quality radio- 
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graphy will be acceptable, and it is probable also that 
ultrasonic methods will be used as an additional 
technique. It should not be forgotten that both radio- 
graphy and ultrasonics are flaw-detection techniques: 
defects can be located, measured, and identified, but 
no information is directly obtained on the significance 
of the defect in terms of the strength or serviceability 
of the structure. Non-destructive tests are, in effect, 
methods which provide additional information from 
which the inspector makes his decisions. 
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Spot Welding of Primary Aircraft Structures 


A SURVEY OF EIGHT YEARS’ EXPERIENCE 


Spot welding has been used at Handley Page Limited for the fabrication 
of primary aircraft structures since 1951. During the following eight 
vears over 50 million spot welds have been made. 


By N. K. Gardner 


The paper gives a brief survey of the methods used to ensure the 
high quality of product required for such applications, and draws 


attention to some of the more important factors in control that should 


he considered. 


Introduction 


N 1951, when it was decided to make extensive 
[= of spot welding on the Victor bomber, the 
applications envisaged were similar to those shown 
in Figs. | and 2. The components were in effect flat or 
singly curved sheets of the highest grade of aluminium 
alloy to which closely spaced stiffeners were attached 


Corrugation-reinforced panel for Herald wing 


to enable high compressive stresses to be carried. 
(Assemblies of more complex geometry, such as those 
shown in Figs. 3 and 4 are now spot welded, but this 
came later.) The panels when welded were to form the 
main load-carrying structure in the wing and the 
fuselage of the aircraft. 

Although spot welding had been used for aluminium 
alloy aircraft structures before 1951, at Handley Page 
Limited and elsewhere, its use in such a vital structure 
was a novelty at that time. Such use of spot welding 
has since become more familiar, not so much perhaps 
Manuscript received 26th August 1959, for presentation at the 

Autumn Meeting in November 1959 
Mr. Gardner is a member of the Test Department of Handley 
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Stringer-reinforced fuselage panel 
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in Britain the U.S.A. and in France. Some 
examples of primary structure applications (notably 
Boeing's of spot welding for pressure cabin lap 
joints) are given in reference | (see also Fig. 5) 

It is to to the current attitude to- 
wards spot welding in 1951 because it was that attitude 
which largely determined the quality control pro- 
cedures to be used. The procedures then adopted have 
been modified with experience but no large departure 
has been made. It is interesting to speculate about how 
the approach would have differed had the process 
then been (as it is now) One with many thousands of 
hours of successful flying experience behind it 

Even now the failure of half a dozen spot welds, for 
reason far greater ‘news value’ than 
hundreds of rivet failures 

In 1951 it was evident that a new approach to quality 
control was It was decided to take maxi- 
mum precautions against faulty welding, to keep very 
detailed records, and to allow some relaxation later 
if this was justified by results 

Initially, it was thought that, by the nature of the 
process, consistency could best be achieved by elimi- 
nating as far as possible the human element from qua!- 
ity control to be feasible because the 
process does not involve manual skill as such. Opti- 
mum machine settings were determined in advance by 
test and were to be rigidly adhered to, and other 
process variables were similarly controlled 

Experience has led the author’s Company to modify 
this attitude somewhat. It was found that the welding 
machine operator was often the first person to suspect 
any fault and that his experienced observation was 


as in 
use 


necessary refer 


whatevel has 


necessary 


This seemed 


a valuable asset. It is also true that quality, like liberty. 


has to be paid for by eternal vigilance. The vigilance 
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4—Spot welding an engine air intake 


of the workshop supervision has had a more funda- 
mental influence upon quality than all the control 
charts and reports of micro-examinations ever pre- 
pared! 


Roll-spot welding a Boeing panel 


“cing ducts 
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Service reports 


Three Aspects of Quality Control 


Before turning to the techniques used to ensure 
adequate quality, it is worth considering briefly the 
underlying ideas. The measures used for control can 
be divided into three distinct categories 


(i) Process Control 
(11) Quality Control 


(11) Inspection 


These can be regarded as three screens 
which the product passes in turn 


if used, 


through 
The second and third 
screens, 


exist to detect faults remaining as a 
result of shortcomings in their precursors 


The terms ‘Process Control’ and 
are frequently used as synonyms; but it seems prefer- 
able to use them to represent two distinct ideas. By 
Process Control 1s meant the control of all variables 
which affect the relevant properties of the product 
This implies that each variable is kept within specified 
limits. To be without being wasteful, such 
limits should be based on tests by which the effect of 
each variable upon the product is determined 

Quality Control, on the other hand, involves 
periodic measurement of those properties of the 
product which are of interest to the customer (or the 
designer). Corrective action is taken if these measure- 
ments fall outside prescribed limits, termed ‘control 
limits’. The most important feature of the control 
limits is that they are not related to the customer’s 
(or the designer’s) requirements, but they represent 
what can reasonably be expected of the process when 


‘Quality Control’ 


effective 


working normally. The key word here is ‘normally’ 
Failure to remain within these limits is assumed to 
indicate abnormality and hence to warrant corrective 
action. The idea of control limits is a statistical 
concept; they are, in fact, calculated by statistical 
analysis of trial runs or of past experience. 

There is sufficient agreement about the meaning of 
the term Inspection to make definition unnecessary. 
It differs from the other two measures in that it 1s 
concerned with the product rather than the process. 
The decision to accept or reject the product, which ts 
the function of inspection, must depend upon the 
customer’s (or designer’s) requirements in the parti- 
cular concerned, and not upon whether the 
process is functioning correctly. 

A further definition is necessary in relation to design 
data. The logical approach is to make the designer 
aware of the capabilities of the process when it is 
functioning normally. The illogical (but common) 
approach is for the designer to state what he requires 
of the process. The designer may in a given application 
require more or less of the process than it is capable 
If he requires less, this should not influence the conduct 
of the process but should only affect the inspection 
decision (and then only in abnormal cases). If he 
requires more, then he must either change his design 
or use another process. 

Information regarding a process is usually trans- 
mitted to the designer in the form of “design allow- 
ables” (to use the American phrase). These are calcu- 
lated from the same data and in the same manner as 
are the control limits; namely, by statistical analysis 


case 
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of the properties of the product when the process is 
functioning normally. A further factor enters into 
this calculation; the risk that in any instance the 
product will fail to achieve the design allowable. (For 
a spot weld this is the risk of the weld failing at or 
below the design strength.) The choice of this risk is 
the designer's responsibility. He will be aware that the 
smaller the required risk, the lower will be the design 
allowable 


Application of the control measures 

Process Control is in all senses the primary one. As 
its achievement approaches perfection, so the need for 
the other two measures tends to vanish. That more 
can be gained by developing this aspect than the other 
it is just another way of saying that 
prevention is better than cure’. 


two 1s obvious 


Quality Control is used to measure the success of 


the Process Control and to detect its failures. It must 
be rapid and direct: it should be cheap and simple. Its 
usefulness is greatly extended if it forms a permanent 
record which is regularly analysed. 

Where the adverse trend may be too rapid for the 
Quality Control system or where loopholes exist, 
Inspection is necessary. It can seldom be completely 
eliminated, although where quality can be measured 
rapidly and non-destructively it may need no other 
source of information than that provided by the 
Quality Control system 


Methods of Control 


It will be convenient to discuss the methods used for 
control of spot welding quality by reference to Fig. 6. 

In the upper part of this diagram are several items 
which must be checked before the component even 
enters the welding shop. Obviously the design must be 
suitable for welding. Edge distance and width of flat 
must be sufficient, and widely differing sheet thick- 
nesses must be avoided. The limiting values are well 
established and can be conveyed to the designer 
through a ‘Design Manual’. He must also be given the 
necessary information relating to accessibility. 
Sketches such as those in Fig. 7 are useful to show the 
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re oe ae 


Detail design practice for spot welding bottom 


good 


Top had 


designer how accessibility problems can be avoided 
without loss of strength. 

The most important item in the upper part of Fig. 6 
is the fit of mating parts. Analysis of welding faults 
has shown that far more troubles are caused by bad 
fit than by errors in the welding process itself. Atten- 
tion to this matter should also start at the drawing 
board. The draughtsman must be aware that parts 
which cannot be made to fit well cannot be spot 
welded. In particular he should avoid multiple fits 
(i.e., assemblies in which mating surfaces may be 
prevented from fitting by slight movements during 
previous welding runs). Probably the most important 
function of the Inspection Department in relation to 
spot welding is to ensure that the good fit called for 
on the drawings is achieved. 

The process control items which occur against the 
middle three items of Fig. 6 are self explanatory. It is 
only necessary to remark that if spot welding of a new 
type is being introduced, sufficient time must be 
allowed to do the development work indicated on the 
right of the diagram before production begins. 

Equipment developed by Handley Page Limited for 
monitoring machine output waveforms is shown in 
Figs. § and 9. A toroidal coil encircling the lower arm 
of the welding machine is used as a current transducer, 
and a capacitance device detecting arm deflection is 
used for electrode force measurement. Signals from 
these transducers are fed to a recorder, which has two 
double-beam cathode ray tubes recording through 
lenses on to a light-sensitive paper. The two spare 


Lower arm of roller welding machine fitted 
with current and force transducers 
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9— Recorder for welding machine instrumentation 


channels are useful for simultaneous display of current 
and voltage waveforms tapped off from the circuits 
within the welding machine. Figure 10 shows a typical 
record from this equipment (reproduced actual size). 
For workshop use the record from such equipment 
should be large enough to permit accurate measure- 
ment without magnification. 

Our only regret about this equipment is that we did 
not make it earlier and use it more. Apart from its use 
in ‘trouble shooting’ it is the best method of keeping 
the welding machines under control. A periodic record 
compared with a reference record will detect small 
faults before their effect upon weld quality can be 
detected. A discussion of the use of such a recorder is 
given in reference 2, and a valuable discussion of the 
fundamentals of the welding process is given in 
reference 3. 

On the subject of quality control, in the strict sense 
of the term, there is little that can be added to what 
has already been discussed. The control chart method 
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as described in BS.600R* has been used, and the 
method of organizing it has previously been described 
in detail.» The only controversial point concerns the 
choice of specimen. 

No attempt was made to make the specimen 
representative in regard to its shape. Correct sheet 
thicknesses and materials were used but the test pieces 
were flat A.I.D. type shear and micro specimens. 
Representative specimens would in fact have been 
impracticable because of the wide variety of con- 
figurations that are welded. It was accepted that the 
quality control so organized was a control only upon 
the cleaning process and the operation of the welding 
machine. No control was provided, for example, 
against the effects of lack of fit which, as already 
stated, is one of the most frequent causes of trouble. 
The control chart records have provided a most 
interesting source of information, but unfortunately 
they have not performed their function of detecting 
trends before they became dangerous. In fact, when 
the welding process went wrong it usually did so 
completely, obviously, and without warning. The 
machine operator was often able to detect the 
trouble before more than one or two defective welds 
had been made. 

The specimens used for quality control were also 
used to provide an even more immediate safeguard. 
One from each batch of specimens was proof loaded 
to the design load in the workshop before it was 
passed to the laboratory. Unless the specimen with- 
stood this load, welding was not allowed to proceed. 
A general visual examination of welds in test strips 
was also done at the beginning of each shift, and 
strictly limited small adjustments of the welding 
current were made at this time. 

The final check was by inspection of welded 
assemblies. Unfortunately, visual examination does 
not provide much information; shrinkage cracks 
penetrating to the surface of the sheet can be detected 
but little else. Worst of all, complete or partial lack 
of fusion cannot be discovered. By a happy chance, 
however, a great deal can be learned about spot welds 
in the higher grade aluminium alloys by radiography. 
Because of the migration of alloying constituents, a 
well-defined zone of reduced opacity occurs at the 
weld boundary. Thus in these particular alloys the 
extent of fusion can often be determined with confi- 
dence. In other alloys, faults such as cracks and 








10—Typical record from welding machine recorder. (Time indicated by 50 cycle ripple.) 
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porosity can be seen (and so can the indentation 


resulting from the electrode pressure) but the extent of 


fusion cannot usually be determined. The zone of 
reduced opacity appears on the negative as a narrow 
dark ring, usually surrounded by a broad light band, 
(Fig. 11). Thecontrast available diminishes with decreas- 
ing sheet thickness. Below 2 « 22 s.w.g. a special X-ray 
tube (capable of useful emission at voltages well below 
30 kV) is necessary. Even then, reliable interpretation 
of the radiographs requires some experience. Below 
this thickness the exact extent of fusion becomes some- 
what a matter of opinion, but cracks and porosity can 
be detected with confidence 

An account of the techniques used for the radio- 
graphy of spot welds in light alloys has been given by 
Redwood and Gardner.® To arrive at realistic accept- 
ance limits, tests were done to relate the properties 
of spot welds with the appearance of the radiographs 
\ statistical relationship between weld diameter and 
weld strength was established and the effect of cracks 
upon fatigue life was explored. Welds were classed as 
defective if their diameters were below those corres- 
ponding to the design strengths (allowing for the 
scatter in the statistical relationship) or if they 
contained cracks likely to reduce life. Partial lack of 
fusion was considered to be too difficult to classify. 
and all welds exhibiting this fault were classed as 
defective 

Acceptance of panels containing defective welds was 
based on tests on specimens in which welds in various 
arrangements were omitted or made defective. In the 
corrugated sandwich used on inner wing panels, for 
xample, the omission of nine adjacent welds led to a 
12 strength loss 

All of the welded assemblies were classified accord- 
ing to the structural importance of the welding. The 
most critical assemblies were each fully X-rayed. Less 
critical panels were sampied by ‘Sequential’ tech- 
niques.*:’ Three graded sampling were 
used, corresponding broadly to allowable percentage 
defectives of 5, 10 and 15. Sampling was not of panels 


schemes 


1959 


(d) 


11—Typical radiographs: (a) Sound spot welds; (b) sound 
roller weld; (c) partial lack of fusion; (d) total lack of 
fusion; (e) shrinkage cracks; (f) porosity 


cracking, and expulsion 


(g) porosity, 


but of welds within panels. If a panel failed the 
sampling scheme it was fully X-rayed, and the 
results showed that the sampling method was 
remarkably accurate and economical. Panels with 
more than the allowable percentage defective were 
returned for additional welding. Large cracks 
(which were rare) were drilled out. 


Results 

During the period under review some 50-60 million 
spot welds have been put into Handley Page aircraft. 

Some half-million quality control shear results have 
accumulated. These are available for anyone who 
wishes to play statistics. When they were last analysed 
some years ago it was found that the strengths were 
approximately normally distributed and gave coeff- 
cients of variation of about 8°. 

During the production of two prototype Victors and 
their test components, full radiographic inspection 
was applied to the majority of spot welded assemblies, 
with the following approximate results 


Welds examined 300,000 


Proportion defective 2-3 
The principal cause of defects was found to be lack 
of fit of mating parts. 
Since that time about 20 million spot welds have 
been radiographed (most of them using sequential 
sampling). The proportion defective on outgoing 


assemblies averaged 2-2-5 
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Control of Quality of Brazed Assemblies 


The inspection of brazed assemblies should not be based on the tech- 
niques that have been developed for fusion welding, for the character- 
istics of the joints are quite different. 


By F. Daintith 


It is essential that inspection should be carried out at every stage of 
the brazing cycle, and the paper sets out and explains several ideal 


conditions which should lead to acceptable joints. The methods that 
can be used for checking these conditions are described. 


HE inspection of brazed assemblies is frequently 
modelled on techniques that have been evolved 
for welded assemblies. To pursue this idea is 
wrong, and does nothing to improve the art of brazing. 
Similarly 


operaticns, whereas satisfactory brazed assemblies 
can be obtained only if inspection keeps pace, step by 
step, with all the operations involved. 

In a welded assembly the deposited fillet is acces- 
sible for examination by X-rays, ultrasonic tests, and 
by magnetic crack detection and penetrant methods, 
either in the fully completed or partially completed 
Using either one, or a combination of two or 
more methods, a weld can be very adequately sur- 
veyed and a reliable judgment passed on it. If it ts 
necessary, a can be cut from the weld as 
confirmation of the results of non-destructive inspec- 
won. 

The important part of a brazed joint, however, is 
that area where capilliary flow has taken place; in 
fact, the fillet formed at the end of the joint is fre- 
quently disregarded for stressing purposes and may 
even be machined off to meet some assembly condi- 
tions, and this hidden portion of the joint is extremely 
difficult to survey. 

As an illustration of the difference between weld 
and braze. consider the inspection of a blade and 
contact tip of an electrical contactor, which is possibly 
one of the simplest of all brazing applications. With 


Stage 


section 


this it is possible to use only one, or perhaps two, of 


the four non-destructive methods used for welds. This 
course, any supplementary checks 
which may be applied other than those used for welds. 

Penetrant methods check the condition of the fillet 
only, and give no indication of the conditions of the 
filler metal in the capillary flow path. Magnetic crack 
detection is useless, as the filler metal is non-magnetic. 
Ultrasonics can be used only on larger sections, for 


disregards, of 


smaller thicknesses are beyond the present stage of 


development of this process. This leaves X-rays only 
as the one method which can give a reliable result. 


The complete destruction of the joint is necessary if 


confirmation is needed of any non-destructive findings, 
for the cutting away of part of the joint is not practi- 


cable 


the mistake is also frequently made of 
considering inspection as the last in the chain of 


One of the attractions of the brazing process, how- 
ever, is that complex and multiple joints can be made 
simultaneously, so that X-ray examination becomes 
of less and less service as the complexity of the work- 
piece increases. 

The foregoing remarks would seem to imply that a 
brazed assembly cannot be adequately inspected. That 
assumption is correct if the inspection is left until the 
braze is completed, but with adequate inspection at all 
the intermediate stages it is possible to pronounce 
judgment on the ultimate product with every confi- 
dence. 


Inspection Conditions 


The practical application of brazing techniques 
should be based on experimental work to establish 
conditions that fulfil the design requirements without 
question. Whenever work is undertaken which varies 
in any important aspect from existing knowledge, 
.g., a large difference in size or a variation in mater- 
ials, more exploratory work should be undertaken so 
as to establish sound working limits for the variables 
that can affect the quality of the joint. 

The intermediate inspections should be directed 
towards keeping the variables within close limits so as 
to create near-ideal brazing conditions. The possible 
variables in the brazing process can be listed as: 

(i) Specification and condition of materials to be joined 

(ii) Fit (at brazing temperature) 

(ii) Surface finish 

(iv) Cleanliness (with time control between cleaning and 

brazing) 
(v) Flux and or atmosphere 

(vi) Brazing filler metal, location, and quantity 

(vii) Location of parts during brazing cycle 

(viti) Speed of heating 

(ix) Brazing temperature 

(x) Brazing pattern, /.e., 
application 

(xi) Competence of operator when work is manual 


direction and evenness of heat 


The inspector need not be a specialist, but he should 
have a good basic knowledge of the fundamentals of 
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the process which will enable him to ensure that the 
above requirements are scheduled in a proper manner, 
after the necessary preliminary experimental work has 
been done to evolve the best technique for making the 
joint. This can then serve as a common instruction for 
manufacture and inspection 

The specification of materials should be resolved at 
the design stage by discussion with the material manu- 
facturer, if necessary. Detail drawings should be 
endorsed with exact requirements, and inspection 
should verify that only materials fulfilling those 
conditions are accepted for brazing purposes. Illus- 
trations of necessary conditions are: copper, which 
should be oxygen free if it is to be brazed in an atmo- 
sphere rich in hydrogen; and nickel alloys, which 
should be obtained in the annealed condition and not 
as cold drawn 

The required fit at brazing temperature is quite 
frequently established experimentally, and inspection 
must ensure that the dimensions which are translated 
on to the detail drawings are rigorously maintained 
Care must be taken to ensure that geometric as well as 
dimensional accuracy is maintained. The lobing of 
cylindrical parts, which can occur during centreless 
grinding or by distortion during chucking, is an illu- 
stration of faults that should be watched for and 
eliminated, for such errors can cause variations in 
joint clearance and possible joint ‘starvation’ 

Converging or diverging taper in cylindrical spigot 
joints can also interfere with capillary flow. Chamfers 
and radii assume an importance far greater than is 
customary, and they should match in size quite closely 
when mated together, as the aim at all times should 
be to obtain a flow path for the filler metal which is of 
a constant width, even around corners, so as to prevent 
any interruption in the flow of the filler metal. 

The requirements regarding the fit of the joint and 
the ideal surface finish are contradictory. An ideal 
surface for a capillary flow path is formed by the inter- 
secting grooves resulting from coarse grinding. The 
close tolerances which are generally used for brazed 
parts, however, frequently result in a much better 
finish than is desirable, such as the crushed burnished 
finish obtained from roller box turning; this is most 
undesirable and should not be used in brazed work. 
Inspection should always demand the coarsest possible 
finish compatible with the machining tolerances. 

The cleaning of parts before brazing is a most 
important aspect of the operational cycle. The parts 
must be chemically clean, and particular attention 
should be paid to the cleaning of parts which have 
been tapped, drawn, or pressed with leaded or 
sulphurized lubricants. Scale should be removed 
mechanically or by a pickling operation. When 
chemical cleanliness has been achieved the material 
is in a condition which invites corrosion: a time 
interval should therefore be defined between cleaning 
and brazing, and inspection should ensure that cleanli- 
ness is met and the time interval not exceeded. 

The variables (v)-(x) should all be endorsed on a 
process specification if a wide variety of brazing is to be 
undertaken, and here again inspection must check that 
the conditions are being meticulously carried out 

The skill of the operator in manual brazing is a factor 
that should not be overlooked; control checking is 
usually a direct inspection responsibility 
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Any simple work which has been brazed under 
conditions that fulfil the foregoing requirements will 
need a routine check only to cover final acceptance. 
Complex or highly stressed items, however, are usually 
covered by additional acceptance checks 

The first operation after brazing should be flux 
removal, if a flux has been used. This is essential 
because many fluxes are highly corrosive, or the flux 
may crack and indicate spurious cracks in the braze 
or, alternatively, mask cracks in the base metal or 
braze 

4 visual examination should be made of the braze 
at the end remote from the placing of the filler metal 
and, if the latter shows a smooth regular fillet at this 
end. the braze may be accepted as satisfactory for 
most applications. Complicated assemblies may need 
the provision of inspection apertures so that this check 
may be carried out, either directly or by using inspec- 
tion viewing aids. 


Testing 


Stressed assemblies may have a percentage of 
destructive tests carried out as a check on the process, 
and the frequency of such tests should be quoted on 
the assembly drawing with the minimum permissible 
breaking load. This destructive test is the true control 
of the process, although a proof test load may subse- 
quently be applied to the entire batch in one of various 
ways. An examination of the joint area exposed during 
the test can also give valuable information regarding 
the quality of the braze, e.g. discontinuities which are 
concentrated on one side of a joint can frequently be 
traced to inadequate cleaning. Any deviation from a 
known established pattern should be investigated 
before the process deteriorates further. 

Before the batch quantity is subjected to proof load- 
ing, the braze should be machined to a state as in the 
finished component. and while it is still clean, pene- 
trant crack detection methods may be applied if 
needed. If thermal treatment is required, this should 
also be completed before proof loading. 

The proof load may consist of a tensile, com- 
pression, or torsion load; or a hydraulic, pneumatic, 
or vacuum test. The last three also combine a leak 
test with the proof loading automatically. 

Each of these tests should be specified to meet the 
particular service conditions of each assembly and 
should be agreed jointly by the designer and the 
inspector. 

Mechanical tests are usually straightforward: com- 
pression loads being the simplest. Tensile tests may 
require service pieces to be left on the assembly for 
screwing and gripping in the tensile machine. Torsion 
tests may require the provision of a suitable square or 
hexagon, or holes in the component. 

Hydraulic testing is a simple operation, for a pipe 
connection and a suitable supply of the correct fluid 
under pressure is all that is required. Care should be 
taken not to restrain the braze in the assembly by the 
fixture, if one is needed to make the joint with the 
hydraulic pipe connection. 

Pneumatic testing should always be preceded by a 
hydrostatic test, if this can be done without contami- 
nating the assembly, but if the hydrostatic test ts 
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undesirable, safety precautions should be taken to 
protect the operator from possible hazards. 

Components for vacuum testing can be proof loaded 
by surrounding them with a shell and imposing an 
external pressure supplementary to the internal 
vacuum. Leaks may be detected by any of the usual 
vacuum gauges installed in the vacuum line. Usually, 
components which require vacuum tests should not be 
contaminated by hydraulic testing. 

Parts of thin-gauge material which cannot be 
subjected to mechanical loading are frequently checked 


by pulling a joint apart and assessing the quality of 


the braze by visual examination of the exposed surface. 

Non-destructive testing methods are used to some 
extent but, owing to the complexity of assemblies that 
can be achieved by brazing, their use is restricted in 
the following ways: 

[he X-ray examination of brazed joints is pre- 
ferably confined to those in which it is possible to 
take the radiograph through one joint thickness only. 
The assessment of an exposure through the two sides 
of a spigot connection requires extreme care and can 
be most misleading. 

Ultrasonics may be used, but in their present state 
of development they will be confined to larger heavier 
sections. 

When using X-ray and ultrasonic 
examining brazed joints, it should always be re- 
membered that steels may be copper brazed with an 
interference fit, and under such conditions, even with a 
complete absence of copper, there is no apparent 
defect which these two methods of examination can 
detect. 

The penetrant methods of crack detection are 
extremely useful for checking base materials, such as 
the nickel alloys and stainless steels. These materials 
are extremely susceptible to stress-corrosion cracking 
if they are brazed in a work-hardened condition or 
if there are stresses imposed by thermal conditions, 
but whilst the penetrant methods will locate this fault 
they contribute little to the examination of the braze 
itself 

The variation in the assemblies which can be 
successfully brazed means that there is no basic ready- 
made answer to the testing problem. Consideration 
must be given to the proposed service conditions and 
a special technique evolved to suit each application. 


Specialized Tests 


The following are a few illustrations of solutions 
which have been reached in various instances. 
Probably the oldest testing technique was evolved 


when bimetal balance wheels were first made for 
correcting temperature errors in watches. The wheels 
were made by mounting a steel disc on a mandrel and 
turning a groove which would ultimately coincide with 
the wheel rim. This groove was filled with brass and 
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the wheel was then turned out of the solid. At an early 
stage in the machining operations the wheel was 
poised, so that an out-of-balance condition would 
reveal imperfect brazing. 

Eddy-current testing is a check which is carried out 
by comparing a master sample with the workpiece 
electronically, the master being selected from between 
two adjacent sections which have been proved by 
destructive tests. The workpiece, which is passed 
through a coil, must be constant in all its character- 
istics if the signal is to be acceptable. This means that 
the base material must be of constant thickness, 
section, and heat-treatment conditions within close 
limits. The braze thickness must also be constant. 
Given these conditions, any defect in the braze will be 
detected, and the appropriate audible or visual signal 
will be given. The process is commonly used for 
precision-drawn tubes and could be adapted for 
applications where the same stringent conditions 
could be met. 

With simple joints it is possible to check the quality 
of the braze by means of electrical conductivity tests. 
Both sides of the joint are carefully cleaned and a 
current is passed across the braze. Any increase in the 
voltage drop from standard indicates a faulty braze. 
This is a test which is preferably confined to joints 
such as electrical contactors, conductors, and brazed 
tipped tools, but it has been used for more complex 
assemblies. 

The bicycle makers have checked the brazed joints 
in bicycle frames very extensively by an audible 
method. The note given out by a steel tube when 
struck varies quite considerably when the quality of 
the braze varies, and an inspector can soon learn to 
isolate faulty work in this manner. 

Honeycomb sandwich structures have been checked 
by applying a vacuum cup to one surface of the sand- 
wich and measuring the distortion of the plate under 
these conditions. The cup is moved progressively over 
the surface of both sides of the structure. With any 
distortion greater than an agreed standard the 
assembly is rejected. 

Inspection requirements for brazing may thus be 
summarized as: 

(1) The recording of a set of conditions which give 

a Satisfactory braze. The proving of the attain- 
ment of such conditions can only be accom- 
plished by destruction tests on the experimental 
samples 

(2) The translation of these conditions into a set 

of process working sheets and drawings and 
inspection must ensure that these are adhered to 

(3) A visual examination of the joint 

(4) The application of a test or tests which have 

been specifically devised to cover the particular 
assembly under consideration. 

When these conditions have been faithfully main- 
tained, brazed assemblies may be confidently accepted 
for use under any conditions. 
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Ultrasonic Testing of Welds 


By D. O. Sproule, M.SC., F.1NST.P. 


The paper reviews the main principles and procedures that have found 
practical application in the testing of welds. The discussion of physical 
principles is centred on the correct choice of frequency and pulse length 
as affected by surface condition, grain size, and the required resolving 


power 


The potentialities of focussing probes and point probes are 
discussed, together with single and double probe working 


The consideration of practical procedures includes ultrasonic testing 
of parent metal for laminations and variations in thickness, couplants 
for different conditions, standards established by the use of calibrated 
attenuators or test blocks, forms for the recording of results, and special 


problems associated with the testing of welds in ver) 


thick plate 


HERE are a few references to weld testing, using 
pulse-echo methods, before 1949,' but the probes 
then available were of little use unless the welds 
were dressed to be co-planar with the parent metal 
About 1949" the shear-wave probe appeared on the 
market, and it became possible to test welds by pro- 


jecting an ultrasonic beam obliquely into the region of 


the weld from the relatively good surface of the parent 
metal near the weld. Almost at once several firms and 
testing laboratories began practical work on weld 
testing by ultrasonics.*: 4 

Since then the method has found increasing use,” 
to an extent far greater than is indicated by the amount 
of publication. The extent to which the lag in publica- 
tion can be attributed to commercial or official 
secrecy or to modesty is a matter for speculation 

It is the main object in this paper to refer briefly to 
the main procedures which have been reported in these 
publications, and which have been found most useful 
ull now 


Established Techniques 


It is now common knowledge that ultrasonic pulses 
can be introduced into welds, and into metals to be 
welded, and that useful information about flaws can 
be deduced from the time of arrival of echoes seen ona 
cathode-ray tube and from the variations in intensity 
and times of arrival as the ultrasonic probes are moved 

Ihe precision and reliability of the information so 
gained is a subject of controversy. Much depends on 
the skill and experience of the operator, as well as on 
the quality of the equipment employed. A knowledge 
of the most probable weld faults is also of great assist- 
ance; this can sometimes reduce the required test to a 
very simple procedure. Lamination testing ts the most 
obvious example, as it is known in advance that the 

and are parallel to the major surface, 
so that the search is simplified. Moreover, most ultra- 
sonic equipment makers offer a special irrigated probe 


flaws are large, 


thin and ver\ 


which reduces contact variations to a minimum. For 
thick plate and complex welds the saving from an 
advance knowledge of the extent of the laminated area 
can be considerable, and the ultrasonic test does not 
always penalize the steelmaker, for cases arise where 
the knowledge of the location of flawed region makes 
possible the utilization of plate which would otherwise 
be scrapped or at least heavily cropped 

For lamination testing, and also for thickness 
measuring, longitudinal wave probes are usually em- 
ployed. The shear-wave probes are designed to cover a 
range of angle between 45° and 80°, the angle being 
measured with respect to the normal, nominal angles 
of 45°, 60° and 70° being the most common. Probes 
of continuously variable angle are coming into use 

The frequency range used in weld testing varies 
between 0-5 and 6 Mc/sec, but most work is done in 
the frequency range |-3 Mc/sec. The angle of diver- 
gence of the beam varies by a corresponding amount 
This angle depends on the diameter of the source, 
(i.e., the piezoelectric transducer) and the frequency, 
and the most commonly used probes have source 
diameters in the range 1-3 cm. The relationship be- 
tween beam angle, frequency, and source diameter Is 
shown in Fig. 1. 

Both single and double probe techniques are suc- 
cessfully employed. The single probe system has the 
advantage of being simple and of requiring only one 
hand in those instances where it is applicable. The 
essential condition for the use of the single probe is 
that sufficient echo energy must return by the same 
path to the source which initiated the impulse. This 
amount of energy depends on several conditions, the 
most important being the amount of back-scatter 
from the neighbourhood of the flaw due to rough 
surface or grain and also, of course, the amount of 
; 
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amplification available. The amount of energy return- 
ing from any given target depends mainly on its size 
and orientation or shape. 

Most work on weld testing depends on the establish- 
ment of some quantitative basis by the use of a stand- 
ard test block (BS.2704:1956), or standard blocks 
selected from weld faults found during inspection or 
blocks containing artificially created weld faults. It is 
not suggested that this is always the best procedure (see 
p. 476) 

The B.W.R.A. reference block, which has been 
adopted as the British Standard reference, consists of 
a 6 in. * 12 in. block of mild steel § in. thick with a 
js in. dia. hole on the centre line at 2 in. from one end, 
perpendicular to the major surfaces. 

The block can be used to check the linearity of the 
time base, to determine the probe angle and check the 
index, and to check the overall functioning of the 
equipment: perhaps this is the most useful function 
The general procedure is to obtain an echo from the 
hole, maximizing on the bottom or top, after one, two, 
or more traverses of the plate by the beam. The ampli- 
tude of the echo is noted, using a sensitivity which 
experience has shown is required for the work in hand. 
The sensitivity can then be checked from time to time, 
using the test block. For these occasions when the 


echo from the hole is too small for the requirements of 


testing, the edge echo can be employed instead. This is 
nearly 10 times larger (18 dB). Figure 2 indicates the 
essential relations between the slant range /, the 
corresponding horizontal distance /, the thickness ¢, 
and beam angle 4. For successive distances increasing 
by / the slant range increases by /, and this may be 
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used to set the time base and check its linearity. For 
beam angles of about 60° reflections from the vertical 
surface are inclined to the normal at 30°, and it 
happens that nearly all the shear-wave energy is then 
converted to longitudinal-wave energy. The position 
for the maximum intensity may not correspond to the 
correct beam angle, and the reflected intensity may 
vary by something like 2:1 owing to the change in 
refraction resulting from a change in temperature of 
about 20°C, which can easily occur. For beam angles 
under 55° and over 70° changes are not likely to be on 
such a scale (see Fig. 13). 

Targets suitable for detection by a single probe are 
indicated in Fig. 3. That on the left is spherical, or 
approximately so, and non-directional in its reflection 
coefficient: hence it can be detected by a direct path 
(position 1) or after reflection from the far side 
(position 2). 

A crack at the correct angle (shown bottom left) 
can also be detected either directly or after reflection 
from the far side (position 3 or 4). The lack of fusion 
shown at the bottom right can be detected only after 
reflection from the far side (position 5) or from near 
position |, 

Figure 4 shows an example of a type of flaw par- 
ticularly suited to single-probe working. It is a 
‘corner reflector’ formed by the lack of fusion in a 
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fillet weld. A probe with an angle between 45° and 50 
gives particularly good results as mode conversion is 
less marked. Where position | is ruled out by the weld 
metal, it is usually possible to use position 2 

Figure 5 shows a situation where double-probe 
working is indicated, although a rough crack may be 
fairly well delineated by a single probe, by the ‘scatter’ 
from a ‘mat’ surface 

Figure 6 shows how a transverse vertical crack can 
be detected by a double-probe system. If it is assumed 
that the plate thickness is several times the beam width, 
and that the flaw is half way between the top and 


Crack halfway 


o~ 


Point of entry- —< 


bottom 


Point of reflection 
from bottom 


> Point of emergence 


bottom surface, the probes will have to be at different 
distances from the flaw, for the energy will have to 
travel half a traverse on one side and 1} the traverse 
distance on the other. It is sometimes believed, even 
by those with practical experience, that different 
results are obtained by reversing the position of trans- 
mitter and receiver in these double-probe arrange- 
ments, but this is not so. 

The distinction between flaws of different kinds 
usually depends partly on previous knowledge of what 
type of flaw is likely in different parts of the weld, and 
partly on ultrasonic indications of the extent and 
orientation of a flaw as revealed by sliding orrotating the 
the probe with the flaw as the centre of rotation. For 
example, in Fig. 3 swinging the probe (positions | or 
2) about a spherical flaw as centre will produce no 
appreciable change in intensity. However, swinging 
the probe with the lack of fusion as centre (position 5) 
will produce a marked change of intensity with change 
of angle, especially if the area of lack of fusion is 
extensive in a direction perpendicular to the surface of 
the diagram 

Similar considerations apply to curved surfaces, 
whether they are spherical or cylindrical. Rankin* 
presents the simple trigonometrical relations for 
multiple reflections in curved plates and discusses the 
advantages and disadvantages of shaping the probe to 
make it fit, at least approximately, the curved surface 
Useful results can be obtained with flat probes on a 
convex surface only a few inches in radius; but it ts 
important to remember that the effective beam angle is 
easily altered by ‘rocking the probe’, the variation in 
beam angle being approximately double the angle of 
rocking 

The process of choosing the optimum probe for a 
given task has been hampered in the past by the rather 
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restricted variety of probes available. However, the 
position is improving. Their most important physical 
characteristics are discussed later (see p. 474). 

Ihe details of just how to convert probe position, 
flaw range, and intensity into a specification of posi- 
tion and nature of flaw depends on the equipment 
employed, the precise nature of the test problem, and 
the degree of training and experience of the operator. 
rhere is no point in recording more information than 
is called for, and equally little point in demanding 
more from an operator than can be expected from his 
training and experience. The makers of the equipment 


6— Double-probe straddle 
crack 


scan for transverse vertical 


can best advise on the optimum use of that equipment. 
Some makers supply a ‘slant range’ slide rule which 
can be clipped to the probe and used to indicate the 
horizontal and vertical co-ordinates of a flaw in rela- 
tion to the probe. It is usually desirable to strike out 
lines on the workpiece showing probe positions 
corresponding to the beam traversing the bottom and 
top of the weld, respectively. 


Couplants 


These include all the common lubricating oils used 
in motor cars, and also greases. Water is also used, 
usually with a detergent, and thickened with starch or 
soluble cellulose. Their efficiencies as couplants are 
about the same, assuming that the interstices between 
the probe and the test piece are always equally effect- 
ively filled. However, sloping or overhead surfaces 
can be worked only with a grease or paste so thick that 
it will stay in position long enough to permit the tests 
to be completed. Silicone putty has also been men- 
tioned in this connection, but no extensive 
recorded in the literature. 

Immersion testing of welds is still in the laboratory 
Stage, except with irrigated probes, some of which can 
be classified as immersion probes. In any case, water is 
suitable in its physical properties and also for econ- 
omic reasons, and appears to be the sole medium in 
this type of work. 


use IS 


Some Physical Principles and Special Applications 


Measurement of echo intensity 


In the discussion of the physical principles involved 
in the correct choice of frequency, probe size, beam 
angle, and sensitivity over the wide range of variation 
of surface conditions, grain size and resolving power, 
a wide range of echo intensity must be considered, 
both theoretically and experimentally. 

In lamination testing the first echo may be of about 
a volt to several tens of volts. A shear-wave probe 
may give an output of several volts for a large crack, 
yet barely detectable porosity or oxide inclusions may 
produce no more than a few tens of microvolts. The 
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flaw detector sensitivity control in most instances 


covers this range, but comparisons over a range of 


more than five or ten times are not accurate. Moreover, 
the effects of surface condition, grain size, flaw size, 
and so on are additive, and a quantitative language is 
needed capable of dealing with this sort of quantita- 
tive problem. It happens that communication engineers 
have evolved a quantitative procedure with just the 
right properties for the purpose, and some equipment 
makers are already using this procedure and the 
equipment that goes with it. This involves the use of 


ULTRASONIC 


TESTING OF WELDS 473 


defined as a power ratio of 10:1, and as power is 
proportional to voltage squared for a given impedance 
a voltage ratio of 10:1 is 20 decibels. One decibel 
represents a voltege change of 12°, while a doubling 
in voltage is about 6 dB and a quadrupling is 12 dB. 
Suppose it is desired to compare the attenuation in 
two different blocks, one a ground surface and the 
other a very rough one. The equipment is adjusted so 
that a good clear echo is obtained from a standard 
target, e.g., a #y in. hole perpendicular to the major 
surfaces, using the ground surface first. The amplifier 





Calibrated 


Attenuator 


Main 
Attenuator 








4 => 


—_ 





Method of adapting a calibrated attenuator 
to a standard flaw detector. The pre-amplifier 
was needed for high-impedance probes only. 





Pre-amplifier 


Transmitter 
Driver 

















For low-impedance probes (barium titanate) 
the attenuator could be coupled direct to the 
receiver R or, alternatively, direct to the 
transmitter T for single-probe working 


ks Target, 


>_> 





. 























Test block 





the decibel scale of a calibrated attenuator. It may 
assist in understanding this system to show how it has 
been used in studying the effect of surface condition on 
ultrasonic energy. 


Surface condition 

The steel plates that are welded together vary 
enormously in their surface condition, from a good 
smooth as-rolled condition, through a range of scale 
which may be firm, loose, or variable, to a rough 
pitted undulating surface. As the effect of this variable 
is superimposed on all the other variables in ultra- 
sonic testing, the Non-Destructive Testing Committee 
of the British Welding Research Association decided 
that the effect should be investigated on a wide range 
of surfaces.* 

Before giving any results it is important to describe 
the essentials of the method of measuring the attenua- 
tion of the signals passing from the probe into the test 
block, and back again. The standard method for cables 
and other parts of communications systems is to use a 
calibrated attenuator. Figure 7 is a block diagram 
showing how this attenuator system was fitted into the 
flaw detector. Everything but the variable attenuator 
and the pre-amplifier could be, and generally were, the 
usual components of a standard flaw detector, 
functioning in the usual way. The pre-amplifier was 
required only for quartz probes or for other high 
impedance probes, and was not used with ordinary 
barium titanate (BaTiO,) probes. The attenuator was 
variable over a range of 80 decibels in steps of one 
decibel. It will perhaps serve the present purpose to 
say that the decibel scale is logarithmic, the bel is 


* | am very grateful to the British Welding Research Association 
for a contract for this investigation and for the permission of 
the Director to present some of the results here, the main 
report being in preparation for publication 


gain control is first set as high as possible without 
showing ‘noise’, and the attenuator is adjusted so as to 
bring the echo up to a standard mark, say at | in. 
amplitude. The attenuator reading is noted. From now 
on the amplifier must be left at the same gain setting, 
all adjustments being made by the attenuator. The 
probes are now shifted to the rough block, and the 
attenuator is re-adjusted to give the same amplitude 
on the cathode-ray tube. As the rough surface in- 
creases the attenuation, the attenuator reading will be 
less than before, and as the output signal is the same, 
the difference in the attenuator readings is equal to the 
attenuation due to the rough surface. This is measure- 
ment by substitution. 

45° shear-wave probes were used working at 24 
1} Mc/sec. Ground surfaces (about 20 1 in. roughness), 
planed surfaces, (about 350 » in., usually referred to as 
test-block finish), were found to give the same results 
and so both were ‘perfect’ for the purpose. The other 
blocks, as-rolled, normalized, pickled, etc., showed 
attenuations up to 14 dB at 2-5 Mec/sec. The peak 
amplitude of the undulations on the test blocks 
ranged from about 0-005 to 0-020 in., but there was no 
very clear correlation between roughness and attenua- 
tion. Measurements were also made at 1-8 and 1-25 
Mc/sec. As was to be expected, the lower frequency 
gave the most uniform results, and at this frequency 
most of the surfaces showed attenuations of between 
3 and 7 dB; i.e., from 1-4 times to a little over 2 times. 
Considering the magnitude of all the other variables, 
this is quite a reasonable figure. 

This result should be assessed in relation to two 
other major considerations. The first is that it is now 
possible, because of probe improvements, to lower the 
frequency and, at the same time, to improve the 
resolving power in range. Unless the flaws are a 
fraction of a wavelength in diameter, there is no 
appreciable loss of sensitivity. The other important 
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8— Polar diagram of circular pistor 


fact is that it is possible to make ‘on site’ measure- 
ments of the effect of condition, using an 
attenuator as already outlined 

From the viewpoint of the practical application of 
this method ‘on site’ it is important to realize that the 
effect of surface condition can be assessed by arrang- 
ing the probes so that they ‘view’ the same spot on the 
far side of the work piece. For single-probe measure- 
ment a convenient target may be the ‘corner reflector’ 
formed by the bottom edge of the plate. For probe 
angles near 60 this latter method is not desirable 
(see p. 476) 


surface 


Some Further Quantitative Aspects of Ultrasonic 
Testing 


There is no doubt that a great deal has been done 
and will continue to be done with ultrasonic testing 
without a knowledge of all the quantitative relations 
which are collected and presented here. There is 
equally little doubt that certain difficult and urgent 
problems can be solved only by the use of a knowledge 
of all relations, and even more. All of these 
relations have been used at various times by various 
people and the main aim here is to make them 
easier to use, and in so doing to convince more people 
that it is easier to solve difficult problems by a little 
more theory 

For example, everyone knows that most of the in- 
formation in ultrasonic testing comes from the observa- 
tion of variations in the time of arrival and the 
amplitude of the echo produced by movements of the 
probe or probes. Some of these variations are very 
puzzling but many of these puzzles are soluble if one 
knows a litthke more about what can happen to the 
energy in all of the situations it 
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The main quantitative aspects of ultrasonic testing 
are 


Passes 


(i) Piezoelectric conversion of electrical to mechanical 
energy and vice ersa 

the beam from the and re- 
the t Reflection from some targets 
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(iii) Refraction, reflection, and diffraction of 
interfaces and edges 

(iv) Electronic arrangements for driving the transmitter and 
amplifying the received echo 

(v) Presentation of the data on a C.R.T; or on a recorder, 
usually through the agency of a monitor selecting only 
those echoes within a limited range 


ultrasonics at 


Satisfactory execution of ultrasonic testing depends 
firstly on the satisfactory functioning of the equip- 
ment involved in items (i), (iv), and (v), and secondly 
on the correct understanding of the processes in- 
volved in items (ii) and (iii) this being the problem of 
interpretation. 

The detailed checking of equipment demands the 
specialized electronic test gear of a well-equipped 
communications laboratory. Fortunately it is possible 
to obtain an overall check of the correct functioning of 
the equipment by the use of one or more test blocks 
For the present purposes this disposes of items (i), 
(iv), and (v) 


Directional properties 

Che best known fact about the directional properties 
of ultrasonic sources is the polar diagram of a circular 
piston, showing the main beam and side lobes (Fig. 8) 
The angle between the beam axis and the first mini- 
mum is given by: 


1 27) 


D 


sin @ 


where D.— diameter and wavelength vn, where 


velocity and n~ frequency 

This relationship has been plotted in Fig. | for shear 
waves in steel where vy=3-2 x 10° cm/sec 

It is not so well known, but should be remembered, 
that the ratio of intensity of the main beam to the 
respective side lobes is constant, and is not dependent 
on the sharpness of the main beam, so long as it Is 
sharp enough to have side lobes. The relative amplitude 
and intensity for the main beam and the first two side 
lobes is as follows, the same quantities being also 
given on a decibel scale: 
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{mplituce Intensity dB 


Main Beam | l 
Ist side lobe 0-132 0-017 
2nd side lobe 0-0644 0-00415 


0 
17-¢ 
23-8 
Ihe above relations are true only in what is begin- 
ning to be called the ‘far zone’. The precise point at 
which the transition occurs between ‘far zone’ and 
‘near zone’ is not easy to define. In the near zone the 


beam energy is mainly confined to a cylinder of the 
same diameter as the source. In the far zone the energy 
diverges in accordance with the inverse square law. 
Within the near zone the pressure varies to provide a 
series Of maxima andYminima on,the axis. 


Whenever 
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probe by halving the frequency of and 
using the graph as before. 

Most of the foregoing information about the beam 
may now be summarized in simplified pictorial form 
(Fig. 10). A reflector perpendicular to the beam axis 
will provide an echo of almost constant amplitude for 
all distances within the near zone; and somewhat 
beyond that the amplitude will fall off inversely as the 
distance. A small target on the beam axis, on the 
other hand, will provide an echo which will rise and 
fall in the near zone, and in the far zone the amplitude 
will fall off inversely as the square of the distance. 
There is often some concern about the risk of missing 


the probe, 
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there is a minimum on the axis, there is a maximum 
pressure Off the axis, while a maximum on the axis is 
accompanied by a minimum off the axis, so that the 
average pressure is approximately constant. In the far 
zone the pressure is inversely proportional to distance. 
The transition from one zone to the other is not 
sharp, but one of several arbitrary expressions has 
been used by Krautkramer® in an interesting effort to 
devise a procedure for the determination of the size of 
defects. He defines the near zone distance by N 
D#/4A. This numerical value is so useful in several 
ways that it is plotted in Fig. 9 for the case of shear- 
wave velocity in steel, 3-2 10° cm/sec, as that is of 
greatest interest to us. For longitudinal waves, as used 
for lamination detection, the velocity is about 
6 x 10° cm/sec, or nearly double, which nearly doubles 
the wavelength. Hence, the same curve may be used, 
with sufficient accuracy for most purposes, to deter- 
mine the near-zone distance of a longitudinal-wave 
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a small flaw because of the mir’mum on the axis, but 
it must be remembered that this minimum is accom- 
panied by a maximum off the axis, and so a small flaw 
will go through a maximum twice during a lateral 
scan. However, small flaws are not equitably dealt 
with in the near zone, and whenever they are the main 
interest, the probe should be designed to have a 
sufficiently short near zone, or should be ‘backed 
away’ far enough to place the flawed region outside 
the near zone. 

The selection of the best probe for work at a certain 
range of distance, and for a certain size of flaw 
demands a knowledge of the way the echo amplitude 
will vary with variations in flaw size and distance. For 
this purpose there is much information in a graph 
prepared by Krautkramer® reproduced in Fig. 11. 

For the purpose of calculation, the flaws in question 
are assumed to be flat reflecting discs, perpendicular to 
and co-axial with the beam, of diameter=D,, at a 
distance a along the beam. 

To present more information on the graph, the flaw 
size and the distance are both represented by pure 
numbers, the reduced flaw size G=D,/D,, and the 
reduced distance A=a/N. This mathematical device 
not only gives a vast increase in the amount of in- 
formation contained in this family of curves, but it 
enables any units of length to be used so long as the 
same units are always chosen wherever length is 
involved, including velocity. 

The amplifier gain V, expressed in decibels, is the 
gain required to bring the echo from any given target 
to the same amplitude as the reference echo (at 
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zero dB) corresponding to an infinite reflecting 
surface in the near zone. In other words, the gain V is 
equal to the attenuation produced by the different 
reflecting surfaces at different distances. Each curve 
represents a certain size of flaw 

The near zone and far zone characteristics can now 
be visualized more easily. For large reflecting areas, 
say from G=|1 to infinity (top curves), there is very 
little change in amplification with distance even up to 
13. It is only 5 dB or less than 2:1 even for G=|I at 
1-3. (For any given probe this distance can be easily 
found by using Fig. 9 to find N. The distance (in cm) 
is then a= AN=3N.) For a small flaw, say G=1, the 
flaw amplitude undergoes rather wild variations when 
{< 1, /.e., in the near zone 

For shear-wave probes there are two main condi- 
tions which may give an approach to an infinite 
reflector. The first is an inclined surface at the correct 
angle to reflect the beam back on its track. For 
example, a 60° weld preparation with a 60° probe will 
give rise to reflection at normal incidence. Lack of 
fusion is very easy to detect in this instance. The other 
important example is the ‘corner reflector’, but this 
can be used only for probes with a beam angle be- 
tween approximately 45° and 55°. (See p. 476) 

To show the practical value of Fig. 11 a few prac- 
tical problems are now considered. Firstly, for a probe 
that is needed for lamination testing only, inspection 
of the top curve, marked infinity, shows that plates 
up to three times the near-zone distance N can be 
tested without any appreciable drop in echo ampli- 
tude. For most cases the selection of probe will not be 
critical, and one can afford to take into account the 
‘feel’ of the probe, e.g., it can be broad enough on its 
base so that it does not ‘rock’ easily, and so spoil 
contact. If it is also desired to find and assess small 


flaws, say at a diameter of 1-5 mm, a compromise will 


be required. For example, for a 2-5 Mc/sec probe of 


1-5 cm dia., Fig. 9 gives N=2-2 cm,* so that a 2 in. 


plate (S cm) will have to be tested from both sides. 
In this case G=0-l and flaw size assessment can start 
from say N=1. The first boundary echo at 5 cm 
(A= 5/2) will be down about 5 dB, but the second echo 
will be down about |2 dB, which does not matter much 


in most cases, and some users might adopt a probe of 


1-5 cm dia. at 1-25 Mc/sec, where N=1 
the effect of near-zone anomalies. 

As a further example let it be assumed that a probe 
is required primarily to test lack of fusion on a 60 
preparation, the minimum area of lack of fusion to be 
equivalent say to G=0-1 and that sufficiently correct 
assessment can be made down to a distance A=1 or 
a= N. Consider a probe of 1-5 cm dia. at 1:25 Mc/sec. 
From Fig. 9, N=2-2 cm. Fora 60° probe the near zone 
distance will end just outside the Perspex contact 
surface and there will be no anomalous zone in the 
steel. In most cases the circumstances on the surface 
will prevent the probe from ‘viewing’ the prepared 
surface at a distance less than about 2 cm, so one 
could use a probe of the same diameter and double the 
frequency, the near zone distance then being 4-3 cm 

Lack of fusion on fillet welds (Fig. 4), for example. 
is a case where flaw size assessment is a reasonable 
proposition, for the effective target is always perpen- 


, and ignore 


* The frequency must be halved, as suggested on p. 475 
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dicular to the beam axis for that range of angle (about 
45°-55°) where total reflection of shear waves occurs 

The effective target is the image of the lack of 
fusion in the adjacent large perpendicular surface, plus 
the image of that part of the adjacent surface ‘seen’ in 
its reflection at the lack of fusion. The area of lack of 
fusion is also foreshortened in one direction. Thus, to 
a 45° probe, the effective area is the actual area of lack 
of fusion multiplied by y 2. 

Test block requirements for all weld testing can be 
simplified by using the attenuator, for the sensitivity 
of the flaw detector can be set to bring any given flaw 
to a given amplitude relative to some standard target, 
such as a boundary or a corner echo. Techniques 
already based on existing test blocks can be assessed 
by the attenuator, which can then be used as the basis 
for future work. 

Reference blocks have been discussed in some detail 
in the I.1.W. document ITW/IIS-23-59. The use of 
the attenuator to set and maintain a desired level of 
sensitivity is not mentioned, however, and this dis- 
cussion must accordingly be re-assessed. 


Reflection at Boundaries in Solids 


Most users of ultrasonic testing methods have 
learned that “the angle of reflection is equal to the 
angle of incidence” is generally true for ultrasonics, 
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Conditions inside a 
solid for incident shear 
wave S$,O, reflected 
shear wave OS,, and 
reflected longitudinal 


wave OC fd lid 
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but sometimes not the whole truth. Yet the whole 
truth is sometimes of great importance. 

Figure 12 shows a shear wave S,O incident on a 
solid boundary at an angle of incidence 8. Some of the 
energy is reflected as shear-wave energy along OS,, 
and some converts to longitudinal wave energy along 
OC. The reflected shear wave angle is equal to the 
angle of incidence, but the longitudinal wave reflection 


) 

: s sin B 

follows Snells’ law —— 
sin 
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v./¥; As the longi- 
tudinal wave velccity is greater, a increases with 
increasing § until sin B=y./v,; and a=90°. At this 
point, and for greater values of £ there is no reflected 
longitudinal wave and the shear wave energy Is totally 
reflected. 

Figure 13 shows how the energy of the incident 
wave divides between the shear and longitudinal form 
with changing angle of incidence. At normal incidence 
it is all reflected as shear-wave energy, but as the angle 
of incidence increases the conversion to longitudinal 
increases until at just over 30°, 99°, of the energy is 
converted to longitudinal. At just over 33° the critical 
angle is reached, and shear-wave energy is totally 
reflected (and for all angles above this). 

These curves explain several strange things which 
many users of shear-wave probes have noticed in 
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13—-Shear wave incident on the inside surface of a solid, showing 
how the reflected energy divides between shear and longi- 
tudinal, expressed as the ratio of reflected to incident energy, 
and also shown on a GB scale. The ratio of amplitude is 
obtained from the square root of the energy ratio 


comparing probes of different angles. For example, 
45° and 60° probes appear to have a very different 
sensitivity when compared on different targets. Using 
the corner reflector technique, with a ;; in. hole or the 
edge of the test block as the target, there appears to be 
a very big difference (15 dB to 20 dB) in the sensitivity, 


| 
Weld-join 
: ecno 
14—Multiple (short) echoes in steel plate; 7 
Top + in. thick bottom } in. thick, 
using 5 Mc/sec short-pulse immersion 15 
probe 


16—Small flaw in 4 in. thick weld found by method shown in 


Fig. 15 


while they are about the same for porosity, or when 
looking at the edge of a y in. hole with the beam 
perpendicular to the axis of the hole. 

The explanation is simple on the basis of the in- 
formation given in Fig. 13. For the 45° probe the 
corner reflector surfaces both give complete reflection. 
For the 60° probe, all of the energy that returns to the 
probe has experienced one reflection at 30°, and most 
of the energy has been converted to longitudinal-wave 
energy. The curve shows that at 30° the shear-wave 
reflection is 20 dB below normal incidence, which is 
the order of discrepancy noted. 
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Echoes provided by 5 Mc/sec focussing probe in a tube weld. Tube ~, in. wall and 
0-5 in. internal dia 


. overall thickness of weld being about in. 
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Pulse Length, Frequency and Resolving Power 


It is obvious that improved resolving power depends 
on shortening the pulse. For a given technique of 
probe construction the minimum number of waves in a 
pulse, assuming a simple transmitter-driver giving a 
single impulse, is independent of frequency, so the 
pulse can be shortened only by using a higher fre- 
quency. However, by increasing the damping on the 
radiating surface by acoustic transformers, or by in- 
creasing the back-damping, the pulse can be short- 
ened considerably Probes and amplifiers are now 
available which give pulse lengths between one and 
three cycles to go from 10°, to full amplitude and back 
to 10°, or less. Figure 14 shows how this can be used 
to measure thickness by direct echo methods, for plate 


only » in. thick or The pulse is unrectified 


rr less 


Figure 15 shows how a 5 Mc/sec short pulse can be 
used to detect porosity in tube welds where the tube is 


Medium pulse length 
2°4 Mc/sec 
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only } in. dia. and has a 4 in. wall. The resoiving 
power is enhanced by focussing as well as by pulse 
shortening. Some flaws found by this method are 
illustrated in Fig. 16. The weld is only in. in section 

Improvements in resolving power of this kind can 
assist in distinguishing between the various echoes in 
and near backing rings and in other ways 

An improvement due to pulse shortening that is not 
so obvious arises with austenitic steels and other 
coarse-grained materials, where the possibility of 
shortening the pulse and also lowering the frequency 
can be of great assistance in detecting flaws in materials 
commonly described as ‘opaque’ to ultrasonics 

Bastien and his associates* showed that ultrasonics 
propagated in an “anomalous” manner when the 
grain size approached the half wavelength, owing to a 
rapid increase in scattering. As the frequency is in- 
creased toward this limit the absorption increases at 
the same time that the back-scatter increases, so that 
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the flaw echo becomes weaker and is completely lost 
in the back-scatter. The shortening of the pulse 
reduces the ratio of back-scatter to flaw echo, and the 
reduction of frequency also decreases the back-scatter 
and so reduces the attenuation of the flaw echo. 
Figure 17 shows how a change in frequency from 2-4 
to 1-4 Mc/sec, together with a shortening of the pulse, 
makes all the difference between complete failure to 
find an echo from a in. hole in a 2 in. (approx.) 
plate of austenitic steel, to a condition where detection 
is easy. Both probes employed 1-5 cm barium titanate 
of 1-5 cm dia. and had a beam angle of 45°. Oscillo- 
grams (a) and (a’) show the pulse in each case, using a 
block of mild steel in which the attenuation is negligible 
at both frequencies. The pulse is unrectified in all cases. 
It will be seen that the low-frequency pulse is very 
much shorter in spite of the reduction in frequency. 


Oscillograms (6) and (b’) show that both types of 


pulse, reflected from the back edge of a 2 in. block, 
can penetrate the austenitic steel and can rise above 
the back-scatter, although the attenuation of the high- 
frequency pulse is much greater (probe |, Fig. 2a). 

Oscillogram (c) shows that the 2-4 Mc/sec echo from 
the in. hole is lost in back-scatter, while it is easily 
aDparent in (c’) at 1-4 Mce/sec (probe 3, Fig. 2). 
Oscillogrammes (d) and (d’) were made in the same 
place and represent the effect of manipulating the 
probe until the summation of random echoes from 
the region near the far surface produces a maximum; 
a ‘bogus flaw’. These bogus maxima make detection 
of small flaws impossible with the longer pulse. 


Notes on Testing of Thick Welds 


[his section is not based on a comprehensive 
experience of testing thick welds but mainly on a few 
laboratory experiments on plates a few inches thick, 
combined with some reflections on the quantitative 
relations already discussed and their applicability to 
this problem. 

It is to be hoped that anyone entering this field of 
work, whose prior experience is with thin plate will use 
Fig. 11. The first use will be to assess probe suitability. 
If the thickness is increased ten times, and the same 
ratio of near-zone to plate thickness is used, the value 
of D should be increased by 4/10, not ten times, 
assuming the same far-zone performance is needed in 
both cases. 

The second major use of the curves will be in the 
measurement of absorption. It is well known that 
increasing plate size is apt to result in increasing grain 
size, with increase in scattering for the same frequency. 
This, together with the greater distance travelled by 
the ultrasonic energy, will make it necessary to allow 
for absorption, or to avoid it by using a suitable 
frequency. In either case, absorption must be measured. 
The effect of surface finish will be a complicating 
factor which can be dealt with by grinding or machin- 
ing, or by using multiple traverses, and attributing the 
excess in attenuation over and above that due to 
divergence given by Fig. 11, to scattering. If using the 
corner reflector technique, the probes must be limited 
in angle to the range of 45°-55°. 

The conversion from shear to longitudinal energy, 
as shown in Fig. 13 may be made use of in certain 
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situations. For example, if a vertical crack is ‘illum- 
inated’ with ultrasonics using a 60° probe at 14 
traverses, most of the energy would be expected to be 
converted to longitudinal, and to travel more or less 
straight upwards. If the weld is dressed, this energy 
can be detected by a longitudinal wave probe. In the 
more likely case of an undressed weld the point probe 
can be used. Laboratory experiments show it to be 
very effective for this purpose. 


Inspection and Test Forms 


The form for recording the results, in general, 
should arise out of a carefully drawn up ‘procedure for 
weld testing’, and this is in turn should arise out of a 
carefully considered specification of the faults that 
must be found. These three documents are usually 
tentative at first, and alter during the first few hours or 
days of testing. The fullest possible uses should be 
made of prior knowledge of probable faults, based on 
distructive tests, radiography and knowledge of the 
welding method. The economics of the situation 
requires the exclusion of unnecessary searches, and at 
the same time dictates that probe angles, beam angles, 
and scanning lines should be chosen in such a way as 
to pick up the maximum variety of informatien in the 
shortest time. 

The desirability of pre-weld testing (lamination, 
thickness variation, etc.) should be considered, as well 
as testing between runs. 

Surface preparation should be laid down, and the 
nature of the surface should be described, with a 
measure of attenuation at the surface if possible. 

A clearly defined list of abbreviations to be used is of 
great assistance in recording results. If possible, the 
form should show the essential features of the weld, 
including detected faults on a plan view or elevation. 
The co-ordinate system, Cartesian or polar, should be 
adapted to the nature of the weld. The form should 
explicitly call for important information, such as the 
nature of the datum on the structure, which gives the 
location of the tested region in that structure. (It is not 
sufficient to leave an empty space.) 

Headings calling for information identifying the 
object tested should generally be of such a character 
that identification will be possible for as long a time 
to come as can possibly be relevant, not only for the 
immediate present. 


REFERENCES 
1. C. H. Descn, D. O. Sprouce, and W. J. Dawson: J. /ron Steel 
Inst., 1946, No. 1, pp. 319-353. 
. A. C. RANKIN: Welding, 1950, vol. 18, pp. 199-209, 243-247. 


.H. Harris: J. West Scot. Iron Steel Inst., 1950-51, vol. 58, 

pp. 11-48. 
4. W. S. ATKins: Welding, 1949, vol. 17, pp. 215, 259. 

. H. L. Carson: Power Works Eng., 1954, vol. 49, pp. 379-382, 
424-429. 

. ‘Memorandum on non-destructive testing’. T.29, 
pp. 16-34, British Welding Research Association. 

. J. D. Histop: Weld. Metal Fab., 1955, vol. 23, pp. 1-7. 


. P. Bastien, J. BLeTON, and E. pe Kerversau: Rev. Met., 
1949, vol. 46, p. 286; 1950, vol. 47, p. 422. 


. J. KRAUTKRAMER: Brit. J, Appl. Phys., 1959, vol. 10, pp. 240 
245 


1958, 





480 


AUTUMN MEETING 1959 


Some Aspects of Quality Control in 
Fusion-Welded Products 


By B. K. Barber, M.A(CANTAB) 


The author summarizes the methods used for ensuring that welded 
products meet the requirements for their service conditions, and gives 
examples of these taken particularly from the nuclear and automobile 


industries 


URING the past decade or so, welding has come 
to be accepted as a valuable production process 
ranking in importance with casting, forging, 

presswork, riveting, and machining. In all these pro- 
cesses a visual examination will often suffice to confirm 
the suitability of the product for service. For machin- 
ing, special mensuration equipment may be required, 
but this is usually well understood by the average 
engineer, designer, or draughtsman and no specialized 
education or training is necessary. 

However, the circumstances are very different for 
welding. The designer must have some knowledge of 
metallurgy so that suitable materials are chosen from 
the welding standpoint. He must know something of 
the many welding processes that are available and 
understand their advantages, limitations, and cost. He 
must specify suitable joint preparations, welding 
sequence, and testing procedure. Some of these may be 
obtained direct from the appropriate Code of Practice 
or Standard, but usually these are not applicable. So 
often drawings carry vague expressions such as “fill 
with weld metal” or “‘weld all round”, with the impli- 
cation that the welder himself is being asked to specify 
the lengths and sizes of welds, a task for which he is 
most assuredly not trained. Such practice will, of 
course, result in hopelessly uneconomic, unsafe, or 
distorted fabrications. 

The Institute of Welding and the British Welding 
Research Association have done a great deal, by means 
of courses, technical meetings, and publications, to 
ensure that information on welding matters is spread 
to all those concerned. Nevertheless, much still re- 
mains to be done, and another decade may yet pass 
before a satisfactory knowledge of welding exists 
throughout industry. Meanwhile, it is most important 
that modern management is alive, not only to the 
wonderful opportunities and advantages of welded 
construction, but also to the need for proper super- 
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vision, inspection, and training at all stages from the 
drawing board to the shop floor. 

In the following sections will be considered what 
methods are available for ensuring that welded 
products reach customers not only at the right price, 
but adequate to perform the function required of 
them. 


Visual Examination 


Probably the vast majority of welded construction is 
checked solely by visual examination; j.e., completed 
joints are checked for: 

(a) Correct size, length, profile and position of welds 

(4) Absence of surface cracks, porosity, inclusions, undercut, 


or spatter and (in alloy steels) accidental arc strikes 
(c) Overall size and distortion of fabrication. 


Figure | illustrates such an inspection being made on a 
vehicle chassis in which several points are checked 


1—Visual examination of chassis member 
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simultaneously. On this type of construction a low- 
pressure leak test of box members may also be 
required. 

It is obvious, however, that limited examination 
such as this will not guarantee the component for 
service, and that many other checks must be taken 
during the course of production. 


Destructive Testing 


Typical of these are routine tests taken on a statis- 
tical sampling basis, the samples being taken from a 
production unit or a coupon specimen. In the auto- 
mobile industry the sole requirement may be a simple 
transverse tensile test or the more spectacular destruc- 


tive test illustrated in Fig. 2. For pressure vessels, how- 


ever, a coupon plate is submitted to a full series of 


tests including: 


(i) Forward and reverse bends 

(ii) All-weld-metal tensile test 

(iii) Transverse tensile test 

(iv) Impact tests at low temperature if necessary 

(v) Macro- and micro-examination of selected sections 

All these tests have to be witnessed by the customer’s 
representative who will usually be the insurance 
company’s surveyor. 

For nuclear pressure vessels, further destructive 
tests are carried out on coupon plates taken from the 
vessel at various stages in its service life, so as to check 
for any deleterious effect of radiation on the materials 
of construction. 


Non-destructive Testing 


The most widely used non-destructive tool for 
examination of welded products is radiography. 
Figure 3 illustrates a modern installation at work on 
the joints of a hemispherical heat exchanger end, 
which is mounted on a special trolley to allow the job 
to be moved from the shop into a properly shielded 
annexe. Production personnel are in this way totally 
protected from radiation hazards. On nuclear work, 
plate materials are reaching thicknesses which lie 
outside the capacity of conventional sources for 
reasonable exposure times, and use is now being made 


2—Parts of chassis side members after subjection to compression 
fest 
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3— Radiographic inspection of hemispherical heat exchanger 


of 2,000 curie cobalt 60 sources or linear accelerators. 
These units present special problems of their own in 
handling and protection of personnel. 

Radiography has some limitations, such as the 
inability to detect fine cracks oriented other than 
normal to the plate surface, and it is unable to give 
satisfactory results on T joints. In such instances use 
must be made of alternative tests such as magnetic 
crack detection, ultrasonic testing, and nitrous oxide 
or halogen leak-testing equipment. 

Before discussing these, it is interesting to consider 
the advantages of introducing automatic welding in 
place of the normal metal-are process. For multi-pass 
submerged-arc welding, a typical repair rate on plate 


4—Branches on nuclear heat exchanger being inspected by mag- 
netic crack detection equipment 
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S—Method of providing 


Nitrous oxide leak-testing equipment used on stainless steel 
heat exchanger elements 


smooth contours to welds on heat 


exchanger units 


thicknesses averaging 1} in. would be 4°, and for the 
two-pass technique, 1}. For manual welding 24° is 
a typical figure for shop work but this may be doubled 
or trebled for site welding. The actual defect figures 
will be between 10 and 25°, of these figures. Such 
repair work is naturally extremely costly and this 
emphasizes the supreme importance of adequate 
supervision and training of operators. It is worth 
recording that special tests have been carried out at the 
instigation of insurance companies to determine 
whether there is any detrimental effect resulting from 
repeated repairs. No such effect has been found, and 
in any case a first repair is nearly always satisfactory. 
Figure 4 illustrates magnetic crack detection equip- 
ment being used on the branches of a nuclear heat 
exchanger. This tool is extremely useful, particularly 
in the root runs of highly restrained deep-weld prep- 
arations. A fault found at this stage can save the con- 


Ultrasonic inspection of plate edges for laminar inclusions 


siderable cost of a repair on the completed weld. For 
satisfactory interpretation on the finished surface of a 
weld it is desirable that this should be dressed off to a 
smooth contour, and this can unfortunately be 
extremely costly, particularly where access is difficult 
and where the total number of branches on a single 
heat exchanger amounts to nearly 600 (see Fig. 5). 

Figure 6 illustrates an operator checking the edges 
of a plate for laminar inclusions by means of ultra- 
sonic testing equipment. For nuclear work it is also 
customary to test the complete plate following a 12 in. 
square pattern, for it is always possible that a branch 
might intersect a small laminar inclusion causing 
subsequent difficulties in welding. Agreement on 
standards of acceptance will shortly be reached, and 
this will add materially to the advantages of this 
testing procedure. 

A plant for nitrous oxide leak testing of stainless 
steel heat-exchanger elements for the Dounreay Fast 
Breeder Reactor is shown in Fig. 7. This is a most 
sensitive equipment and will detect down to 2-2 parts 
per million. Halogen leak-detecting equipment will 
indicate a rate as low as 4, oz. per year. More than 
100,000 radiographs were taken on this contract and 
all joints were also 100°, tested for leaks; not a single 
leak was found. 

A further aspect of non-destructive testing is what is 
known as a ‘proof test’ in which a load, usually 50°, 
greater than the designed service load, is applied to the 
fabrication. A typical example of such a test is the 
recent pneumatic testing of the first 50 ft dia. nuclear 
reactor vessel to a pressure of 211 Ib/sq.in., an 
operation which took over two days and involved the 
application of 400 strain gauges, 550 points of applica- 
tion of resin, and a large number of test points for 
leakage, as well as some 180 personnel. 


Supervision and Training of Operators 


The importance of these functions in controlling the 
quality of welded products has already been empha- 
sized. Several companies are now running their own 
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training schools for both operators and supervisors, 
for it has been found impossible to obtain suitably 
qualified personnel in sufficient numbers. The cost of 
running these schools is very high and may amount to 
£150 per welder (in addition to his wages) even though 
operators are already partly trained and experienced 
on admission. Nevertheless, such expenditure is 
justified when it is compared with that possibly in- 
curred through the correction of faulty work. In this 
connection it is important that some training be given 
to welders’ cleaners. 

One of the objects of this training should be the 
familiarization of personnel with new techniques that 
result from research and development work, and it is 
most important that a close liaison is maintained be- 
tween these departments. The information is not 
necessarily one way only, for it has sometimes been 
found that the individual skill of a particular operator 
can be used to advantage on a development project 
and if this is successful it can then be taught to others. 


8—An oblique branch connection on a pressure-vessel mock-up 


It is also undesirable to insist on any one particular 
technique being used for a job. For instance, in the 
overhead welding of the branch connection illustrated 
in Fig. 8, the angle of preparation that can be used is 
severely restricted. Two techniques are possible for 
ensuring adequate fusion at the side-walls; with the 
use of a normal overhead current for the electrode it is 
necessary to direct the arc at the greatest angle 
possible to each side-wall in turn, a technique which 
involves considerable movement on the part of the 
operator. An alternative is to use a rather higher 
current associated with a weaving motion obtained 
from the wrist. The latter method is less tiring and in 
the hands of an operator who can control a large 
molten pool in the overhead position it is perfectly 
successful. However not all welders the 
necessary skill. 

Incidentally, the only method of proving joints of 
this nature for service is a magnetic test, and even this 
will not ensure that adequate side-wall fusion has been 
obtained. This is yet another example of the supreme 
importance of proper supervision and training. 

Apart from ensuring that operators use a satis- 
factory and approved technique (electrode type, size, 
condition and current; correct weave and interpass 
cleaning, etc.,) a supervisor must see that the planned 
procedure is followed, that joint fit-up and preheat (if 
required) are maintained within the specified limits, 


possess 
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9— Assembly of prepared plates for large domed pressure-vessel 
“ omponent 


and above all that the operator is made as comfortable 
as possible and has the best facilities for each particular 
job. It is also within his province to report when an 
unsatisfactory wage incentive is in force which ts 
tending to lead to shoddy workmanship. Quality 
bonuses are often fixed early in a contract, and if the 
general rate paid to an operator rises the ratio quality- 
bonus/overall-remuneration may become so small as 
to be ineffective. 


Procedure 


The sequence in which a fabrication is welded will 
depend on a number of considerations, some of which 
will be the responsibility of the designer and others 
that of the planning office, erection department, or 
welding engineer. It is imperative that a close relation- 
ship is maintained between these various functions, 
and a suitable planning sheet or procedure issued 
which is acceptable to all concerned. Quality may or 
may not be a primary consideration, and sometimes it 
will be necessary to effect a compromise between con- 
flicting viewpoints. On pressure vessel and nuclear 
work it is usual for these procedures to be submitted 
for the approval of the insurance companies con- 
cerned, and often they will have to be supported by 
practical evidence of the feasibility of the proposals. 
Figure 8 shows part of a typical mock-up of this 
nature. In these tests it was necessary to prove that 
branches could be welded into an inclined plate 
within a few minutes of true vertical, and that adequate 
access would be available for welding on both sides of 
the plate to give a sound weld free from inclusions, 
cracks, and inadequate side-wall fusion. The cost of 
this work is obviously considerable, and it is of the 
utmost importance that very close liaison is main- 
tained with the insurance companies’ surveyor so that 
he is able to witness all stages of the demonstration. 

For a large pressure-vessel component such as the 
50 ft dia. inverted dome illustrated in Fig. 9, a full-scale 
mock-up would be quite impossible. However, it was 
decided that all the plates should be assembled in the 
shops before being sent to site, so that the accuracy of 
weld preparations and the effectiveness of clips etc., 
could be checked. A tolerance of + % in. on all weld 
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10— Assembly for 50 ft dia. diagrid structure 


preparations was specified for this dome, and the task 
of cutting curved plates to this order of accuracy was 
quite outside the normal accepted commercial practice. 
Apart from this, very careful consideration had to be 
given to the detailed welding procedure so that dis- 
tortion could be kept within the specified limits and 
that no undue restraint was applied to any of the 


joints. A most important factor was the uniformity of 


maa 9-10 


¢ 


Benring 


preheat temperature, and this was achieved in this 
instance by means of ring burners. 

Welding and assembly procedures were also pre- 
pared for the 50 ft dia. diagrid illustrated in Fig. 10. 
When it is remembered that a butt weld in 3 in. thick 
plate may shrink #—,’s in. (depending on the degree of 
restraint, fit-up, size of electrode, and so on) the 
accurate forecasting of the behaviour of such a struc- 
ture during welding is no mean task. 

The use of two- or multi-operator techniques is a 
major point in controlling distortion and locked-up 
stresses in much of this work. A typical example of 
this is the open trough of pressed ? in. thick steel 
welded to ? in. thick end pieces, shown in Fig. 11. The 
two spindles had to be in accurate alignment so that 
full interchangeability could be achieved without the 
use of expensive self-aligning bearings. Successful 
results were achieved only when the end plates 
(complete with bolted-on-spindles mounted in vee 
blocks on a table) were mounted together with the 
trough in the inverted position. The external slant 
welds at each end were then completed by two welders 
working simultaneously using a ‘downhill’ welding 
method and special electrodes. The weld at the base of 
the trough was next completed, and finally the trough 
was mounted ona manipulator ‘sentry-box fashion’ and 
the internal weld was completed using semi-automatic 





























11—Open trough of pressed } in. thick steel with 3 in. thick end pieces 
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CO, shielded equipment with which the very high 
penetration achieved enabled the minimum of weld 
metal to be deposited (§ in. standing fillet) with a 
minimum of distortion. 


Design 


The part which the designer plays in ensuring 
quality of a product is only too obvious. However, 
examples of bad design are still all too frequent, and 
these sometimes arise from lack of knowledge on the 
part of the draughtsman concerned. A_ typical 
instance is that of the spacing member shown dia- 
grammatically in Fig. 12a. The curved plate, approx. 
8 x 4 ft x } in. thick, is fastened | in. from the pressure- 
vessel wall by clips, situated around the edges, so as to 
form an annular space for cooling the vessel wall. In 
practice, it was found that under certain temperature 
conditions the size of annulus was reduced owing to 
buckling of the plate, and the drawing office were 
requested to provide means to prevent this. Accord- 
ingly, a strip of steel | x } in. was intermittently welded 
to the plate on edge and very little distortion was 
caused. Unfortunately, it was found that when this 
unit was shot blasted, some dust was trapped under the 
edge of the spacing bar in the unwelded portions, thus 
making the unit entirely unsuitable for use in the ‘clean 
conditions’ of a reactor vessel. A full seal-weld was 
therefore called for with consequent distortion in two 
planes, which was most difficult and costly to eradicate. 


“ 


— 





\) Three Ygdia. studs |" long 


Shot trapped in 
unwelded portions 


Spacing member for pressure vessel 
(a) With intermittently welded strip, 
(b) alternative method using stud 
welded pegs 


Chassis frame being welded in jig 


It is evident that a simple solution such as the use of 
stud welding (Fig. 125) would have entirely eliminated 
all the difficulties associated with this job. 

There are many other instances where fabrications 
are over-welded through lack of attention to detail in 
the drawing office. Figure 13 shows a first-class chassis 
frame being welded in a jig. The very clean lines and 
absence of ‘tacked-on bits’ make it obvious that this 
frame was designed by a very experienced staff, 
specifically for welded production. Nevertheless, a 
considerable footage of welding was eliminated in the 
production model after a very careful scrutiny of the 
welded prototype. 

Obviously, such pruning cannot be carried out with- 
out close consultation with the designer, and it is now 
a general practice for designers and specialist produc- 
tion staff to hold discussions at an early stage in design, 
with a consequent benefit to all concerned. 


Choice of Process, Equipment, and Electrodes 


The main consideration governing the choice of 
welding process, electrodes, and equipment is very 
often that of cost. Whilst this is certainly an important 
factor it must not be forgotten how much effect these 
items have on the quality of the finished product. An 
example of this has already been given in the section 
on non-destructive testing, showing the benefit that can 
be obtained from automatic welding. It must be 
emphasized however that first-class results can be 
obtained only with the use of first-class equipment. 
Absolute steadiness of the welding head and relative 
motion are all-important for submerged-arc welding, 
and for multi-pass welding perfect positioning of the 
electrode wire in the preparation is necessary. 

Another example of equipment chosen to give high 
quality results is shown in Fig. 14, where the bare-wire 
CO, process is being used for welding two joints (of 
the chassis frame shown in Fig. 13) simultaneously in 
the ‘3 o'clock position’ thus giving freedom from 
distortion and a high production speed. The tensile 
strength of the joint exceeds that of the parent 
material. 

When commercially-made machines are not avail- 
able it is necessary to design and manufacture special 
equipment so that the required standard of accuracy 
can be achieved. A machine for flame cutting holes 
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14—Joints in box member being welded simultaneously by CO, 
bare-wire process 


accurately to a pre-established centre on the top dome 
of a nuclear reactor vessel has been described by 
Gethin* (see his Fig. 14). The machine is also able to 
cut both the internal and external bevels so that a 
minimum of subsequent hand dressing is required. 
This is all-important, for when the branches are 
subsequently inserted for welding, absolutely true 
vertical alignment can be achieved only if the amount 
of weld metal to be deposited is known to be con- 
sistent. 


Mention has already been made of the choice of 


electrodes for certain jobs to achieve a required 
standard of quality. An interesting example occurred 
recently when a number of welders had been tested 
(with low-hydrogen electrodes) in the overhead 
inclined position on § in. thick plate with a view to 
obtaining the perfect radiographic results that are 
expected on nuclear work. In no case was a satisfactory 
result achieved, and in the end it was decided to use an 
alternative electrode. This came from the same 
manufacturer and allegedly had only a slightly different 
composition, mainly to improve the impact properties 
of the deposit. Nevertheless, almost certainly as a 


* J. W. Geruin: Brit. Welding J., 1958, vol. 5, p. 405 


15—Component for charge mechanism of a nuclear reactor 


psychological result of the change, no further diffi- 
culties were experienced; in fact, on production a 
record low rate of defect was recorded. 


Research and Development 


This survey would not be complete without specific 
reference to what is probably the most important 
contributory factor in obtaining and improving the 
quality of welded products. Throughout the illustra- 
tions given, the function of research and development 
has been evident, and it is impossible to over-estimate 
the value to be obtained from a close liaison between 
designers, drawing offices, planning and production 
departments, and a well organized research group, 
whether this be based directly on the company or is 
run as an industrial or National organization. 

In fact, it can be shown that by thorough prelimin- 
ary work, routine inspection of a product can be 
reduced to a minimum, whereas without such work 
the product would almost certainly have been un- 
successful. A typical example is illustrated in Fig. 15 
which shows a component of the charge mechanism 
for a nuclear reactor. The 16 shaped plates are ; in. 
thick and have to be securely welded to the | in. thick 
base plate within a ‘centre’ tolerance of 0-015 in. An 
additional requirement is that (as for the component 
in Fig. 12) no shot or dust trapped in the space be- 
tween the two components can be tolerated, and a 
maximum gap of 0-005 in. was specified. 

The original design called for four tack welds round 
the periphery of each plate; in practice this of course 


caused the inside edges to lift up beyond the permiss- 


ible gap. The use of resistance spot welding was 
suggested as an alternative method of attachment, but 
it was found impossible to produce satisfactory results 
owing to the shunting of current through previously 
made welds at the close pitch required. 

After a tremendous amount of research work (when 
compared with the apparently simple nature of the 





16—Typical cross-sections used in 


shown in Fig. 15 


of plug-welds component 
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problem) a satisfactory result was achieved by using a 
low-hydrogen iron-powder type electrode to make 
eight plug welds in prepared holes situated round the 
plates. Typical cross sections through these joints are 
shown in Fig. 16. This illustrates some of the many 
test spots made with varying combinations of electrode, 
electrode size, current source, current, hole diameter 
(from 0 to 3 in.), and striking technique. It would be 
impossible in a paper of this nature to describe the 
various factors and difficulties which were met in this 
particular project, but it may be stated that the final 
result was so successful that almost no routine 
inspection was required in production by the insurance 
company concerned, and the maximum gap between 
the plates amounted to only 0-002 in. Because of the 
considerably lower heat input the overall distortion of 
the assembly was also reduced. 


METAL FATIGUE 


J. A. Port (Ed.), “‘ Metal Fatigue” : London, 1959, Chapman 
and Hall Ltd. (£3 10s.) 


In 1955 a week’s residential course on The Fatigue of 
Metals was held in the Engineering Department of 
Nottingham University, with the object of presenting to 
practising engineers the known facts about metal fatigue 
and its effect on design. The lecturers were drawn both 
from the University and from industry and are all ac- 
knowledged authorities on the particular subjects about 
which they spoke. In this book the various lectures have 
been gathered together, each lecture forming a chapter, 
and the book has been divided into three parts, namely: 

1. The Fundamentals of Fatigue (8 chapters) 
2. The Fatigue Properties of Engineering Materials and 

Components (8 chapters) 

3. Fatigue Testing of Engineering Components (4 chapters). 

The first part contains five chapters by the Editor him- 
self and this is undoubtedly the best part of the book. 
Despite the fact that the course was not intended to provide 
a textbook, this first part could easily be used as one. The 
basic principles are clearly and thoroughly stated and the 
advantages to be gained by having one author for five 
consecutive chapters are very obvious. The repetition that 
inevitably occurs later in the book, where different authors 
are dealing with allied subjects, is avoided and one lecture 
leads naturally to the next. As far as the reviewer is con- 
cerned too much is made of Orowan’s theory, which merely 
tends to confuse the issue, but it is perhaps a personal 
grumbie. 

A large proportion of the second part of the book, 
dealing with the fatigue properties of engineering materials 
and components, is devoted specifically to aircraft materials 
and structures. As far as these chapters are concerned it is 
a great pity that it has taken nearly four years to publish 
the lectures, for the material in them is indubitably dated. 
A lot of research on the fatigue of aircraft structures has 
been carried out since 1955 and many of the basic concepts 
of design have changed in that time. “‘Fail-safe’’ design 
methods are not mentioned at all and considerable ad- 
vances in knowledge about crack propagation and the 
effect of programme loading have been made since then. 
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More and more emphasis is being placed on the 
work of research and development departments, but 
too often they are called in too late. Some projects 
may take 12 months or more to complete and unless 
ample notice is given satisfaction cannot always be 
assured. Foresight in planning is all-important if the 
maximum benefit is to be obtained. 
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Book Review 


Two chapters have been devoted to welding, one dealing 
with the fatigue properties of welds and the other being 
concerned with the fatigue testing of welded structures. It 
is not difficult to imagine the difficulties confronting a 
lecturer when he is asked to deal with ‘The Fatigue 
Properties of Welds’ in a single lecture. When one con- 
siders the diversity of the subject matter to be covered—all 
the different types of joint, various materials and sundry 
extraneous variables, such as the effect of weld defects and 
the effect of residual stresses, are points which spring 
immediately to mind—one realises that at least half-a- 
dozen lectures would be required, in order adequately to 
cover the subject. Dr. Whitman, who wrote this chapter, 
has made a brave effort to condense the material into a 
single lecture, but inevitably he has had to resort to many 
generalizations. On the whole, however, these are sound. 
A considerable amount of work has been done on this 
subject, both in this country and abroad, during the past 
four years, but the basic conclusions to be drawn are still 
much the same as they were in 1955. Possibly an exception 
might be made in the case of the influence of residual weld- 
ing stresses, a subject which has been notably revitalised in 
recent years with more positive results than were extant at 
the time of the conference. 

The chapter on the fatigue testing of welded structures 
gives a very clear account of the methods which are avail- 
able for testing not only welded structural components but 
also other forms of test piece. There is no doubt that a 
general knowledge of these methods could be of great 
value to engineers, for it is almost certain that the fatigue 
testing of prototype designs would prove beneficial in 
many fields of engineering. 

One would hesitate to recommend a book of such a 
comparatively high price indiscriminately to all engineers, 
but there is no doubt that degree students and others 
particularly interested in the subject would benefit by 
reading it. It is not light reading but the standard of pro- 
duction of the book at least ensures that it is pleasant 
reading. The fact that each chapter has a synopsis at the 
beginning seems a particularly good feature and the use 
of a standard nomenclature throughout will be much 
appreciated. T. R. GuRNEY 
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AUTUMN MEETING 1959 


Quality Control of Welded Constructions 
in France 


The following are summaries of the French papers to be presented at the 
Joint Autumn Meeting of the Institute and the French Society of Welding 
Engineers, which is being held in London on S5th-6th November 1959. 
The French texts of the papers are being published in full in the 
July/August and later issues of Soudage et Techniques Connexes. 


QUALITY CONTROL IN THE CON- 
STRUCTION BY WELDING OF PIPE- 
LINES FOR THE TRANSPORT AND 
DISTRIBUTION OF PETROLEUM 
PRODUCTS AND COMBUSTIBLE 
GASES 


By H. Gerbeaux, Ing.A.M. (Head of Department at 
the Institut de Soudure) 


ECAUSE Of the geographical situation of the 
Beans in relation to the rest of Europe. and the 

clearly defined distribution within it of the centres 
of production and consumption, an important net- 
work of pipelines for petroleum products and com- 
bustible gases has had to be built up in France. Some 
important pipelines are nearing completion, while 
others are being planned. A very large programme is 
also being carried out in North Africa. 


These vitally important pipelines are, because of 


the need to economize in metal, subjected to severe 
service conditions. Their safety in service depends on 
the quality of the welded joints. Consequently, the 
welding must be inspected, and this inspection must be 
sufficiently severe to guarantee safety, and at the same 
time sufficiently flexible not to hamper rapid and 
economical fabrication. 
[wo problems are examined successively: 


(1) The assembly of tubular elements on site 


Welding is carried out manually with highly-cellu- 
losic electrodes. Whatever the service pressure of the 
pipeline, the welded joints must have an overall 
strength at least equal to that of the assembled com- 
ponents. Experience has proved that this requirement 
can be satisfied while granting a fairly large measure of 
tolerance to defects in the execution of the welds. 

Economy, speed, and safety in welding depend on: 

(a) The nature of the steel chosen, the quality of prepara- 
tion, and the calibration of the tubes. (The producers of tubes 
at present work to specifications that are inadequate in this 
connection; smaller tolerances are needed.) 

(b) The quality of electrodes, the qualification of the 
welders, the tooling, and the organization of the team laying 
the pipeline 


Control operations cover the qualification of the 
personnel, checking of equipment, materials, and 
works specifications, followed by an extremely close 
inspection of the work done on site, so that it is 
sufficient for later inspection to be carried out on 
samples, its role being primarily psychological. Visual 
examination is used in the instruction and training of 
the welders and site teams. The qualification of the 
welders and the acceptance of samples are decided 
after tensile tests have been carried out on bars taken 
at right-angles to the line of weld. 

For large diameter pipelines radiographic control is 
substituted for sampling, for reasons of economy, but 
in the event of litigation, tensile tests and visual 
examination have to be accepted as authoritative. 


(2) The manufacture of welded tubes in the works 

In France, the use of welded tubes for high pressures 
is at present restricted to large diameter pipelines. 
Submerged-arc welding is used, and the tubes are 
welded in two passes, one on the outside and one on 
the inside. Longitudinal joints are usually employed: 
spirally welded tubes are only just beginning to be 
used. 

Conditions of safety require that the tubes should 
be as nearly round as possible, and that the quality of 
the welds should be high over their whole length. The 
quality of the welding depends on the absence of 
laminations in the edges of the plates, the accuracy of 
the preparation, the centring of the fusion in the joint, 
and the absence of all distortion in the region being 
welded. 

Since the control of the works specification cannot 
satisfactorily cover the whole of a fabrication, and 
since the inspector is not generally informed of rejects 
and the reasons for them, random radiographic and 
mechanical inspection, however frequently done, do 
not usually provide a sufficient guarantee of safety. 

Continuous and sufficiently sensitive non-destruct- 
ive inspection must therefore be introduced. Continu- 
ous magnetic crack detection is speedy and economical, 
but it is only sensitive to defects near the surface. It is 
to be hoped that the recent progress made in the 
technique of ultrasonic examination will permit a 
strict and complete control of the welds in the 
fabrication of tubes. 





QUALITY CONTROL OF WELDED CONSTRUCTIONS IN FRANCE 


CONTROL OF THE CONSTRUCTION 
OF PENSTOCKS IN THE SHOPS AND 
ON SITE 


By Robert Bouchayer, Ing.1.E.G. (Director General of 
the Société d’Entreprise de Montages (SDEM), and 
Assistant Director General of the Etablissements 
Bouchayer et Viallet (EBV), Grenoble); Georges 
Rambaud, Ing.A & M (Head of Laboratory at EBV 
and SDEM): and Jacques Picard, Ing.E.T.P. (Welding 
Engineer at EBV and SDEM). 


THE considerable progress made in the field of pen- 
stocks is closely connected with that achieved in the 
field of welding and the inspection of welds. But the 
problems raised by this inspection are sometimes 
unusual, in particular on sites in high mountains, 
where the slope of the penstock may be very great. 

The authors describe the methods which have been 
used to solve these inspection problems. Most of the 
known non-destructive processes must be employed, 
each within its well-defined field, but it has also been 
necessary to adapt the standard processes—radio- 
graphy, gamma-radiography, ultrasonics—to the 
special needs of certain penstocks. The solution 
adopted for the examination, by gamma-radiography, 
of circular joints, where access for an operator is 
difficult, is more particularly described. 

Finally, the authors stress the purpose of inspection, 
which is not principally to satisfy the requirements of 
a client who must have a construction conforming to 
a given specification, but is rather to ensure a high 
quality of work and to bring about technical im- 
provement while reducing costs. 

The results of an examination should no longer be 
used merely to destroy anything that is not in accord- 
ance with a specification, or even to guarantee that a 
rule is respected. Rather, the results should be used by 
engineers whose purpose is to develop techniques that 
are always progressive. 


CONTROL OF SPOT WELDING IN 
THE AIRCRAFT INDUSTRY 


By Henri Lefebvre, Ing. A & M (Director of the 
Inspection Department of Sud-Aviation). 


THE inspection of the spot welding operations on 
light alloys for the construction of the medium twin- 
jet transport Caravelle is not restricted to checking the 
correct use of the welding machines, but has neces- 
sitated the preparation of a very strict schedule of the 
various controls to be carried out before, during, and 
after welding. 

Control specifications define the acceptance criteria 
for the machined components ready to be welded; 
these undergo a surface treatment, the various phases 
of which have to be very carefully followed, so as to 
enable contact resistances not greater than 50 
microhms to be obtained. 

After the welding machines have been checked, 
setting tables are worked out in light of the materials 
to be used and the thicknesses to be assembled. To 
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control these settings, series of test pieces are removed 
at regular intervals to undergo shear and slug tests 
and micrographical examination. In addition, radio- 
graphic examination is made on the welded assemblies. 
The percentage and nature of the defects that can be 
accepted are specified, as well as the number of defects 
which may be repaired, according to the type of 
assembly in question. 


EXAMPLE OF THE ORGANIZATION 
OF AN INSPECTION DEPARTMENT 
COVERING SHIPS, BOILERS, AND 
WELDED FRAMES 


By P. Pouchet, J. Hennion, J. Delair, and J. Le Brun 
(Engineers at the Chantiers de Il’ Atlantique). 


THE diversity of the fabrications produced at the 
Chantiers de |’Atlantique has necessitated the organi- 
zation of an inspection department, which includes 
laboratory engineers, mobile teams responsible for 
inspection on the slips and outside sites, and finally 
specialized teams, such as that responsible for the 
boiler shop, or that dealing with the training of 
operators. These teams have considerable equipment; 
X-ray sets, radioactive sources, ultrasonic and leak- 
detection devices, and the like. In addition, the welding 
charge-hands and foremen are provided with precise 
instructions, which enable them to ensure a certain 
control over the execution of the work for which they 
are responsible. Finally, technicians supervise the 
satisfactory working of the equipment, the storage of 
electrodes and filler materials, and assist in the training 
of operators and the working out of the welding 
procedures to be used. 

The purpose of the inspection department is not 
solely to check the quality of the welds in a construct- 
ion. The enquiry to which the discovery of a defect 
gives rise, the study of the circumstances which caused 
it, and the final conclusions drawn from the investi- 
gation, which are circulated, are themselves effective 
means of improving the quality of the welds. The 
existance of a high-powered and able inspection 
department is a guarantee of quality in future con- 
structions, and contributes to the progress of the 
welding techniques and their use in increasingly 
bold constructions. 


APPLICATION OF STANDARD 
WELDED SEAMS TO BOILERMAKING 


By P. Cabany (Director of Soudure Autogéne Fran- 
gaise, and Chairman of the Technical Commission of 
the National Boilermakers’ Trade Association, Paris), 
and H. Gerbeaux, Ing. A & M (Head of Department at 
the Institut de Soudure). 


AS a result of certain differences of opinion which 
arose between the inspectors of the Institut de Soudure 
and various firms, with regard to the acceptance of 
welds in boilermaking, a document intended to 
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prevent such difficulties in future is in course of pre- 
paration. 

The preliminary draft submitted by the Institut, and 
amended by the Technical Commission of the 
Boilermakers’ Trade Association, has resulted in a 
draft “Classification of Welds”, which the Association 
proposes, after submitting it for comment in interested 
circles, to adopt for the execution and inspection of its 
welded fabrications. 

This document describes the characteristics and 
acceptance conditions for five standard butt welded 
seams and four standard fillet welded seams. These 


different standard seams correspond to five classes of 


weld, two of them being merged for fillet welds. 

The final document, after it has been issued for 
comment, will also give the application of the standard 
seams to the various assemblies in boilermaking, a 
subject only touched upon in the preliminary draft. 

This draft is distinguished from the usual specifi- 
cations relating to welded constructions by the follow- 
ing essential points: 


(i) It relates only to the welds and their immediate sur- 
roundings, and specifies nothing about overall heat- 
treatment or other special requirements. In this way, it 
complements the more general specifications relating to 
the nature, shapes, and dimensions and to the treatment 
of products 
In principle, it covers constructions of all sizes that can 
be made in metals and alloys of all kinds, and welded 
according to the most varied processes or combinations 
of process. The choice of preparation and welding 
process is left to the firm, since only the final result is 
considered; none the less, the firm is required to make its 
choice before starting work, and often to justify this choice 
by previous qualification tests of the method of welding. 
The nine standard seams defined appear to be able to 
solve all the problems in welded assemblies that occur 
in boilermaking; a single fabrication may include welds 
of various classes adapted to the functions and stresses 
proper to each of the joints. 

Unlike most of the usual specifications, which deal only 
with butt welds, the draft considers equally carefully 
the more complex problem of fillet welds. 


Because of the wide range of the classes of weld 
considered, and the possibility of choosing the seam 
that is needed and is sufficient in each particular case, 
this draft should make it possible to fabricate econo- 
mically, and to combine the maximum of safety with 
the minimum of exacting requirements. 


SOME OBSERVATIONS ON’ THE 
QUALITY OF THE RADIOGRAPHIC 
IMAGE 


By G. d’ Herbemont, Ing.E.S.S.A. (Head of Department 
at the Institut de Soudure). 


AFTER drawing attention to the difficulties which 
occur at an international level in defining the quality 
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of a radiographic image, the author proposes a way of 
presenting the results of tests, and a method of tracing 
“specified image quality’ curves, which make it 
possible to achieve a unified interpretation of results. 
In particular, he shows how the “visibility index” can 
serve as a standard to compare the values determined 
by one or the other of the two types of I[W image 
quality indicators. An image quality curve, valid for 
the radiography of Class I boilers is given as an 
example, and is interpreted according to the author’s 
new ideas. 


BEHAVIOUR OF ULTRASONICS IN 
THE PRESENCE OF VARIOUS TYPES 
OF POSSIBLE WELD DEFECTS 


By P. Bastien, Ing.E.C.P., D.Sc, (Scientific Director of 
the Etablissements Schneider and of the Société des 
Forges et Ateliers du Creusot), and M. Evrard, 
Ing.C.N.A.M. and E.S.S.A. (Head of Department at 
the Institut de Soudure). 


IN connection with the work of Commission V of 
the IITW, several French laboratories have carried out 
ultrasonic inspection on welded joints in an attempt 
to establish a relationship between the form of the 
echos appearing on the screen of the oscillograph and 
the nature of the defects in the welds. 

To this end, a number of test pieces were examined 
with three types of defect: lack of penetration, blow- 
holes, and slag inclusions. Three different thicknesses 
were used; 10, 20, and 30 mm. In addition, where 
there was lack of penetration, the welds were examined 
with and without reinforcement, so that the influence 
of this factor on the detection of the defect could be 
studied. 

After they had been radiographically inspected, the 
test pieces were circulated among the various labora- 
tories which had agreed to take part in this research. 
Thus, absolutely identical test pieces were ultra- 
sonically examined by different investigators using 
different equipment and methods. 

The results obtained have made it possible to deter- 
mine the behaviour of ultrasonics in relation to the 
typical defects examined, and to define the nature of 
these defects on the basis of the shapes of the oscillo- 
grams obtained. Although certain defects visible on 
the radiographs were not shown by ultrasonic exami- 
nation, and certain cracks revealed by ultrasonics were 
not visible on the radiographs, it may nevertheless be 
claimed that there is generally a satisfactory correlation 
between these two methods of examination. 

In conclusion, the examination of welds by means of 
ultrasonics enables significant results to be obtained, 
on condition that inspection is carried out by a 
specialized and well-trained operator. 
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Influence of Local Heating on Fatigue 
Behaviour of Welded Specimens 


EXPLORATORY TESTS ON MILD STEEL 


The report contains details of an exploratory series of tests carried out 
to confirm that local spot heating of certain types of welded specimen 
would substantially increase their fatigue strength under pulsating 


tension loading. In fact, an increase of about 150°, 


was achieved. 


By T. R. Gurney, M.A., A.M.1.C.E., and L. Nekanda Trepka 


HETHER Or not residual stresses have any 
W cies on fatigue strength has been a subject for 

research in many countries for a considerable 
time. In one of the more recent reports Puchner' 
claimed to have produced an increase of about 150°, 
in the fatigue strength of a mild steel specimen with 
a ‘wing’ plate attached by a longitudinal butt weld, by 
heating the specimen locally with an oxy-acetylene 
torch in such a way as to introduce residual compres- 
sive stresses at the site of the most dangerous notch for 
fatigue failure (i.e., at the ends of the weld). 

Because of the potential importance of such a tech- 
nique it was decided to carry out a short exploratory 
programme of tests to verify Puchner’s statements. 
The tests were carried out at the Engineering Labora- 
tory, Cambridge University, and the specimens were 
made by the British Welding Research Association, 
which also provided assistance in planning the work 
and compiling this report. 





Report RB.167/59 of the British Welding Research Association, 
issued to members in February 1959. 

Mr. Gurney is a Senior Research Officer in the Fatigue Labora- 
tory of the Association. Mr. Trepka was a post-graduate 
student at the Cambridge University Engineering Laboratory 
when the work was carried out. 468 


Test Specimens 

Material 

Since the programme of tests carried out was only of 
an exploratory nature it was unfortunately impossible 
to use the same material throughout the test groups. 
All the specimens were fabricated from mild steel to 
BS.15 but no chemical analyses or details of mechanic- 
al properties are available. 


Form and manufacture 


The results of tests on five groups of specimens are 
outlined in this report, each group being subdivided 
into a heated and an unheated batch. The details of the 
various specimens used are shown in Figs. la, b, and c. 
Puchner used a specimen similar in form to group 
LW | shown in Fig. la. In designing group LW 2, 
shown in Fig. 1b, the object was to produce a sym- 
metrical specimen, on which future calculations would 
be somewhat simpler, while at the same time maintain- 
ing a detail similar to that used previously in group 
LW 1. Groups LF, shown in Fig. lc, were designed 
having in mind a possible detail (shown in Fig. 2) for 
attaching web stiffeners to the flanges of girders; also, 
because specimens of this type had already been tested 
by Weck.? 
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Dimensions of specimens; (a) groups LW | and LWO 1 
(b) groups LW 2 and LWO 2: (c) groups LF and LFO 
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2— Possible girder stiffener connection detail 





All the plates used were machine flame cut, and the 
specimens were so fabricated that the direction of 
stressing of the main plate was in the direction of 
rolling. The welding preparation for groups LW | and 
LW 2 is also shown in Fig. la. the weld consisting of 
three runs 8 s.w.g. and one backing run 10 s.w.g. using 
a rutile electrode E.217. The welding in groups LF 1, 
LF 2, and LF 3 consisted of single run %; in. fillet welds, 
each weld being made in two halves starting at the 
ends of the attached plates and joining in the middle, 
so as to avoid as far as possible the effects of end 
craters. All welds were made in the downhand posi- 
tion. After fabrication the corners of the cross sections 
of the main plates were finished by hand to a radius of 
fs in. to lessen the risk of failure being initiated at a 
flame-cut edge. 

Spot heating was carried out with two oxy-acetylene 
torches equipped with 4 in. dia. high-output heating 
nozzles. They were arranged opposite each other, one 
on each side of the main specimen plate, and were 
kept stationary for the whole of the heating period. 
The heating was carried out until a temperature of 
650-700°C. was reached at the centre of the spot, as 


measured by temperature-sensitive crayons. The 
280°C. isotherm, which could be distinguished by 
studying the temper colours, was at a radius of about 
| in. from the centre of the spot. The heating period 
was controlled, after preliminary trials, with a stop 
watch, and the times for which heating was applied 
are plotted against the plate thickness in Fig. 3. By 
using short heating times, the temperature gradient 





T T T T T T - 


So NN 


HEATING TIME, sec 


i 








on Sf} OO @®D 





Te 
PLATE THICKNESS, in. 
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was comparatively steep. After heating, the specimens 
were allowed to cool in air and no special cooling was 
applied. 

For group LFO 3A an attempt was made to heat a 
spot to a maximum temperature of about 350°C. The 
same technique was used, but the heating time involved, 
only 3-4 sec., was too short for accurate control, and 
consequently there was some variation in the size of the 


heated spot. 


Method of testing 

The specimens were tested under axial loading in a 
60-ton Schenck machine running at 2000 c/min, using 
a pulsating tension load cycle with a lower limit of 
zero. 

The testing procedure for each group of specimens 
was devised to establish two S/N curves, one for the 
as-welded batch and one for the spot-heated batch, 
for a range of endurance values from about | x 10° 
to 2 x 10® cycles. Owing to the very limited supplies of 
any particular steel available it was not, in general, 
possible to produce enough specimens to achieve this 
objective, but certain conclusions can be drawn from 
the results. Following the recommended procedure*® 
adopted by Commission XIII (Fatigue Testing) of the 
International Institute of Welding, any specimen sur- 
viving the fatigue test was afterwards tested statically 
to failure to confirm that no fatigue cracks, at least of 
macroscopic dimensions, were present. 


Results and Discussion of Tests 


It is convenient to consider the test results in two 
parts, the first consisting of those specimens with 
longitudinal butt welded attachments, i.e., groups 
LW 1, LWO 1, LW 2, LWO 2, and the second con- 
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6—Fatigue test results for groups LW 1 and LWO 1 


sisting of groups LF which involved the fillet welding 
of four longitudinal plates to the main plate. 


Longitudinal butt welded attachments 


' 


The results of the tests on groups LW 1, LWO 1, 
LW 2, and LWO 2 are shown in the form of S/A 
curves in Figs. 4 and 5. Enough specimens were avail- 
able to produce reasonably comprehensive curves, 
except possibly for group LW 2. However, the absence 
of scatter in the results for group LW | is notable, and 
this is certainly due to the very severe notch at the toe 
of the fillet at the end of the attached plate, from which 
all failures were initiated. Since identical notches were 
present in the specimens in group LW 2 (and all failures 
started there) it seems reasonable to assume that a simi- 
lar absence of scatter would have been found if more 
specimens had been available for test; most of the speci- 
mens were therefore tested in the spot-heated condition 
in group LWO 2. 

There are two main features of the results of tests in 
both groups LWO 1 and LWO 2. Firstly, for similar 
long lives there was a very great increase in strength 
over that for specimens in the as-welded condition; 
also the curves in the LW | groups of heated and as- 
welded batches tend. to converge at approximately 
yield stress. However, this occurs at a comparatively 
short life of the order of 10* cycles. Secondly, the 
severe notch at the toe of the end fillet was no longer 
invariably the point of initiation of failure. Of the five 
failures recorded in group LWO 1, the three obtained 
from specimens tested at stresses of 13 tons/sq.in. or 
less all started from the flame-cut edge of the main 
plate, midway between the two heat spots. A typical 
example of this mode of fracture is shown in Fig. 6. 
One similar type of failure was obtained in the tests on 
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5—Fatigue test results for groups LW 2 and LWO 2 


group LWO 2 in which specimen LWO 2/3 failed from 
one of the welds midway between the two heat spots, 
as shown in Fig. 7. All other failures in group LWO 2 
were initiated at the toe of the end fillet. 

Considering group LWO 1, it is of some interest to 
estimate the theoretical applied stress at the point of 
initiation of failure for those specimens which did not 
fail from the end of the weld. Assuming that the whole 
section including the attached plate is effective, it is 
found, by taking account of the moment due to the 
eccentric loacing and applying simple bending theory, 
that the stress at the flame-cut edge opposite the 
attachment is 1-27/, where f is the nominal stress on 
the cross section of the main plate. The corresponding 
stress at the centre of the longitudinal weld is only 
0-S1f, and this explains the preferential failure from 
the edge rather than from the centre of the weld. 
However, the important fact is still that the specimens 
did not fail from the usual notch. 


6—Specimen LWO 1//3. Fracture initiated at top edge 
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The tests on the heated specimens in group LFO | 
produced two failures initiated at the ends of the fillet 
welds, and one failure from the centre of one of the 
weld runs. This specimen, LFO 1/4, is illustrated in 
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Specimen LWO 2 3. Fracture initiated at lower weld 
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The results of the tests on groups LF are shown in 
Figs. 8-10. In tests by Weck? on similar specimens, it 
was demonstrated that the S/N curve showed no 
tendency to ‘run out’ until lives well in excess of 
2 10® cycles had been reached. It was therefore 
decided in the present tests not to attempt to produce 
unbroken specimens. All the failures in the unheated 
specimens were initiated at one or more ends of the 
welds (Fig. 11).* 
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8—Fatigue test results for groups LF 1 and LFO / 10—Fatigue test results for groups LF 3, LFO 3, and LFO 3A 
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Fig. 12. The fourth specimen, LFO 1/3, failed from a 
pithole in the flame-cut edge away from the welded 
joint. This result therefore had to be ignored and only 
three experimental points were available for plotting 
the S/N curve, whose position must therefore be 
regarded as doubtful. It is clear that there is again a 
considerable increase in fatigue strength. The slopes of 
the curves for the heated and unheated batches show 
a distinct tendency to meet at approximately 18 sons 
sq.in., /.e., at the yield stress. 

All specimens tested in group LFO 2 failed from the 
end of one or more of the fillet welds. A typical failure 
is shown in Fig. 13, where the heated spots are clearly 
visible. Again the S/N curves show a distinct tendency 
to converge at or around the yield stress. 

The object in carrying out the tests on groups LF 3, 


11—7Typical fracture surface of specimens in LF groups 


Specimen LFO 1/4. Fracture initiated at top nearest weld 


13—Specimen LFO 2/2 after fatigue test, showing position of 
fracture and of heated spots 
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LFO 3, and LFO 3A was to determine the effect of spot 
heating at a lower temperature than had been used 
previously. Four specimens were therefore tested in 
the as-welded condition, four with the earlier spot 
heating treatment, and four in group LFO 3A which 
were heated to a maximum temperature of about 
350°C. As already mentioned it was difficult to control 
the heating of these specimens owing to the short time 
involved. All failures were initiated at the ends of the 
fillet welds. The result of the low-temperature spot 
heating was to produce some increase in fatigue 
strength over the as-welded specimens, but not as 
much as that produced by heating to 650°C. At 
210° cycles the unheated specimens showed a 
fatigue strength of about 4 tons/sq.in. whilst those 
heated to 350°C. had a strength of about 7 tons/sq.in. 
and those heated to 650°C. had a strength of about 
10-5 tons/sq.in. However, the tendency for all curves 
to converge at the yield point was again apparent. 


General Discussion 


The results obtained in these tests closely agree with 
those obtained by Puchner. In his tests, on specimens 
similar to those in group LW 1, he recorded an in- 
crease of strength from 5-1 to 12:7 tons/sq.in. at 
2 10® cycles by local heating, compared with the 
corresponding increase from 4-9 to 11-0 tons/sq.in. 
with group LW | and from 4-0 to 12-0 tons/sq.in. with 
group LW 2. He also found that some specimens failed 
from the edge opposite the attachment midway 
between the heated spots, as happened during the tests 
on group LWO 1, and he further records the tendency 
of the S/N curves for the heated and unheated batches 
to converge at or around the yield stress. 

In view of this close correspondence it is of interest 
to note a possible explanation of these phenomena 
before proceeding to discuss some subsidiary work 
which has been carried out. With some modifications 
this is the general theory advanced by Puchner. 

Considering the critical cross section, i.e., at the end 
of the attached plate, where fracture would normally 
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14—Stress distribution in specimens: (a) assumed residual stress 
after spot heating; (b) resultant stress range under pulsating 
tension loading 
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15— Suggested influence of induced residual stresses on the fatigue 
strength of a notched specimen 


be expected, the residual stress distribution due to 
heating is assumed to be as shown in Figs. 14a and 15. 
This results from the heated spot being largely pre- 
vented from expanding so that, on cooling, it becomes 
the area of maximum residual tensile stress with 
stresses at least up to yield point in magnitude. Con- 
sidering the longitudinal direction, the residual stress 
system (o,), must be balanced, so that compressive 
stresses are induced at the edges of the strip, and these 
may also be of yield point magnitude. 

Assuming an ideally plastic material, (/.e., ignoring 
strain hardening) the effect of superimposing an 
external longitudinal tensile stress on the residual 
Stress system is shown in Fig. 145. That material 
already under tensile yield stress cannot withstand any 
further load. All the external load is therefore carried 
by the material that is still elastic, and some of this on 
each side of the heated spot is brought up to the yield 
point. When the external load is removed the whole 
specimen suffers a uniform diminution of stress so that 
the new residual stress system is now as shown in 
Fig. 146. The two curves therefore give the upper and 
lower limits of stress range under pulsating tensile 
load. In the limit, when the applied load is equal to 
the yield stress on the whole section, all the initial 
residual stress will disappear when the applied load is 
released. 

In Fig. 15 is shown qualitatively the Smith diagram 
for the parent material together with a likely diagram 
for the notched specimen, which can be expected to 
show an increase in stress amplitude in the compression 
region. The distribution of resultant mean stresses 
(o,),, Of the stress range indicated in Fig. 144 is also 
shown in such a way as to correlate with the mean 
stress values o,, of the Smith diagrams. If there are no 
residual stresses the allowable stress range under a 
pulsating tension load is defined by AA, having a 
mean stress (c,,),. However, taking into account the 
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residual compressive stress at the notch, the mean 
Stress becomes (¢,,),, at which point a greater stress 
amplitude BB, is possible, and this accounts for the 
increase in fatigue strength. When the notched area of 
the specimen is pulsating with the stress range BB,, 
the mean stress at the centre of the heated spot is 
(o,,)c, although of course the stress range there is the 
same as at B (Fig. 146). However, since the heated 
spot is outside the notched area, the Smith diagram 
for the parent material applies, so that a stress range 
CC, could be withstood. Since CC, is greater than 
BB, the heat spot appears to be harmless from the 
aspect of the fatigue properties of the specimen as a 
whole. 

Assuming this general theory to be correct, the 
observation that the S/N curves for the heated and 
unheated specimens tend to converge at the yield stress 
can be readily explained. As has already been stated, 
when the applied load is equivalent to the yield stress, 
residua! stresses are eliminated. Hence the stress range 
applied to the notched area of both heated and un- 
heated specimens would be identical for applied 
stresses equal to or greater than yield. The reason for 
the increase in fatigue strength being smaller for group 
LFO 3A, heated to 350°C., than for group LFO 3, 
heated to 650°C., can also be explained. Since the area 
of the heated spot is smaller, the total tensile force to 
be balanced by compressive forces at the edges is also 
smaller, so that the compressive stress at the notch is 
not so great. 

Although further work will be required to confirm 
that the shapes of the Smith diagrams are in fact as 
assumed here, some subsidiary work has been done to 
confirm the general residual stress distribution as- 
sumed. A specimen was cut from } in. thick plate to 
the same shape as the specimens in group LW 1. After 
it had been stress relieved a spot was heated in the 
same way as was used for treating the fatigue test 
specimens. The distribution of maximum temperatures 
reached in the plate was determined by means of 
temperature-indicating crayons (Fig. 16). After cool- 
ing, the residual stresses were determined by means of 
destructive stress analysis using an extensometer 
designed by Professor Wellinger (Stuttgart). The 
results of this analysis are given in Fig. 17, which 





e Surface A 
+ Surface B 





16— Measured distribution of maximum temperature reached in 
plate specimen after spot heating 





GURNEY AND TREPKA: INFLUENCE OF SPOT HEATING ON FATIGUE 


Distribution of longitudinal residual stresses on section AA 


Distribution of measured longitudinal residual stresses 
after spot heating 
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shows that the measured stress distribution is sub- 
stantially the same as that assumed in developing the 
foregoing theory, with the longitudinal stress equal to 
yield in tension ai the centre of the heat spot and to 
yield in compression at the notched edge. 


Conclusions 


As had previously been reported by Puchner, local 
spot heating of specimens having clearly defined 
probable points of failure, such as those containing 
discontinuous longitudinal welds, will increase their 
fatigue strength by approximately 150°, when the 
specimen is subjected to pulsating tension loading. 

Under certain conditions, as yet not fully under- 
stood, the location of fracture may be moved away 
from the normal position by spot heating. 

Although the possibility that the increase in fatigue 
strength is due to metallurgical causes (e.g., strain 
hardening) cannot be overlooked, it seems more prob- 
able that it is a direct consequence of the induced 
residual stresses. 

This preliminary investigation indicates that much 
work remains to be done on this problem, including 
a study of: 

(a) The effect of other loading cycles, since compressive load- 
ing would be expected to reduce, rather than increase the 
fatigue strength 

(b) The effect of inducing residual stresses of similar distribu- 
tion by other means 

(c) Derivation of Smith diagrams for a suitable type of 
notched specimen and for its parent material so as to 
confirm the theory advanced 

(d) Derivation of a method of calculating residual stresses 
resulting from spot heating, and their effects, so that the 
method can be applied with confidence in practice. 





Measuring stations marked o 
Stress values in tons/sq. in. 


Acknowledgments 


The authors wish to acknowledge the help and 
encouragement they have received from Dr. R. Weck, 
Director of Research of the Association, and from 
Mr. R. P. Newman. They are also glad to acknow- 
ledge the help given by Mr. E. O. Lawrance, particu- 
larly in the practical development of the spot heating 
techniques. 


REFERENCES 
1. O. PUCHNER : Schweisstechnik, 1956, vol. 6, No. 4, pp. 109-114. 


2. R. Weck: Unpublished report, quoted in B.W.R.A. doc. 
FE.8 PFS/1 1958. 


Report of Comm. XIII, I[W: Brit. Welding J., 1954, vol. 1, 
pp. 66 67. 





Following the work reported above, further explora- 
tory tests were carried out on mild steel and light 
alloy (MGS) specimens. The results showed that the 
improved fatigue endurance of the specimens can 
definitely be ascribed to the influence of residual 
stresses introduced by local spot heating. 

Tests were also carried out on specimens that had 
been treated by compressing local areas between 1} in. 
dia. dies to an average compressive stress of 58 tons 
sq. in., causing plastic flow. Similar improvements in 
fatigue behaviour were found. 

A few qualitative tests on light alloy specimens in- 
dicated that similar treatment, either by local spot 
heating or by compression, also led to increased fatigue 
endurance. 
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AUTUMN MEETING 1959 


A Joint Meeting with the Société des Ingénieurs Soudeurs 


“QUALITY CONTROL IN WELDING” 


The following is the timetable and pro- 
gramme for the Autumn Meeting 1959, 
which is being held at the offices of the 
Institute, 54 Princes Gate, London S.W.7, 


from 3rd to 6th November 


Tuesday, 3rd November 
5.30 to 6.0 p.m.—Tea, coffee 


.0 p.m.—Presidential Address by [I 
Seymour-Semper, M.I.Mech.E.,F.R.S.A., 
M.S.I 


.0 to 8.0 p.m.—Reception to meet M. de 
Jessey (President) and other members of 
the Société des Ingéniéurs Soudeurs 


Wednesday, 4th November 


.15 for 7.45 p.m.—Annual Dinner at the 
Park Lane Hotel, Piccadilly 

Tickets inclusive of cocktails £3. Mem- 
bers are entitled to one ticket at £2 10s 
on personal application 


Thursday, 5th November 


.30 a.m. to 12.30 p.m.—First Technical 
Session for the discussion of the papers 
‘Application of standard welded seams to 
Boilermaking” by P. Cabany and H 
Gerbeaux 
Example of the organization of an in- 
spection department covering ships, boilers, 
and welded frames” by P. Pouchet, J 
Hennion, J. Delair, and J. Le Brun 
Quality control in the construction by 
welding of pipelines for the transport and 
distribution of petroleum products and 
ombustible gases” by H. Gerbeaux 
Quality control methods adopted by a 
large user when purchasing welded equip- 
ment™ by E. Fuchs and W. Ashworth 

.30 to §.30 p.m.—Second Technical Ses- 


sion for the discussion of the papers 
‘Some observations on the quality of the 


radiographic image” by G. d' Herbemont 
“Behaviour of ultrasonics in the presence 
of various types of possible weld defects” 
by P. Bastien and M. Evrard 
“Radiographic inspection techniques for 
weld examination” by R. Halmshaw 
“Ultrasonic testing of welds” by D. O 
Sproule 

“ Destructive testing for quality control 
in weldments” by R. E. Lismer 


Friday, 6th November 


9.30 a.m. to 12.30 p.m.—Third Technical 
Session for the discussion of the papers 
“Control of the construction of penstocks 
in the shops and on site” by R. Bouchayer, 
G. Rambaud, and J. Picard 
“Some aspects of quality control in fusion- 
welded products” by B. K. Barber 
“Control of quality of brazed assemblies” 
by F. Daintith 


30 to 5.30 p.m.—Fourth Technical 
Session for the discussion of the papers 
“Control of spot welding in the aircraft 
industry” by H. Lefebvre 

“Spot welding of primary aircraft struc- 
tures” by N. K. Gardner 

“Standards of welding for airframe and 
aircraft engine parts” by F. J. Tranter 


All the papers for the technical sessions 
are published in this issue (October) of the 
British Welding Journal, the British papers 
being in full, with summaries of the papers 
submitted by French authors 
Contributions to the discussion may be in 
French or English, and will be interpreted 
Tickets for the Reception on the first day 
will be £1 each. 
The Principal Guests at the Dinner will be 
Sir Edward Boyle, Bt., M.P., Parliamentary 
Secretary to the Ministry of Education, and 
The Rt. Hon. Lord Harvey of Tasburgh, 
G.C.M.G., G.C.V.O., C.B., Chairman of 
the Franco-British Society. 
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SCHOOL OF WELDING 
TECHNOLOGY 


Courses in October 


Three Courses have been arranged for 
the month of October, one on pressure 
vessels and pipework, one on control of dis- 
torticn, and one on residual stresses 

Course D.1/2 “Pressure Vessels and Pipe- 
work” is being held from 12th—16th. It is a 
special course planned specially for designers 
and deals with the selection of materials and 
welding processes, specifications and codes, 
the design of specific details, as well as the 
fundamentals of welding design, site fabri- 
cation, testing, and inspection. Although 
this is the third course organized for this 
industry it has been given overwhelming 
support 

The Course D.12/1 “Control of Distor- 
tion’, being held on 26th—28th, is being 
followed on the next two days by Course 
D.13/1 “Residual Stresses”. Both are re- 
peats of similar courses held last year. The 
first deals with aspects of design affecting 
distortion, and practical methods of reduc- 
ing or compensating for distortion arising 
from cutting and welding processes. The 
second course introduces the general prob- 
lem of residual stresses and explains how 
they influence the service behaviour of 
fabricated components 


Advanced Course for Welding 
Engineers 


A new special course was held at the end 
of September, with the object of presenting 
to already established welding engineers 
some of the latest information on new weld- 
ing processes and their potentialities. Lead- 
ing figures in the welding and allied fields 
from Britain and abroad reviewed such 
important matters as fatigue, residual 
stresses, brittle fracture, and weldability, 
and discussed recent methods of inspection 
and the general aspects of design for welding 

The course was opened by Sir Charles 
Lillicrap, K.C.B., a Past-President of the 
Institute and President of the British Weld- 
ing Research Association 





NEWS OF MEMBERS 


G. G. Edmonds has joined the Powell 
Duffryn Engineering Co. Ltd., at their 
Canbrian Works, Cardiff. 


Obituary 


The Council regrets to record the death of 
Sir Frederick Pickworth, Chairman of the 
English Steel Corporation Ltd., Sheffield, 
on 14th July. The Company is an Industrial 
Corporate Member of the Institute, but Sir 
Frederick was not a member in his own 
right 


CONTRIBUTORS TO THE 
JOURNAL 


D. D. Smout is a Technical Assistant in 
the Automatic Welding Development De- 
partment of Quasi-Are Ltd., Gateshead 

He received his technical education at 
West Ham Polytechnic, Darlington Tech- 
nical College, and at Constantine Technical 


College, where he gained a Higher National 
Certificate in electrical engineering and also 
studied welding 

For sixteen years Mr. Smout was with the 
A.C. Welding Company Ltd., Darlington, 
and then in 1953 he joined the Quasi-Arc 
organization 

Mr. Smout was the co-author of a paper 
in the September issue of the Journal 

W. Ashworth, A.M.I.Mech.E. is Head 
of the General Section of the Engineering 
Services Department of Imperial Chemical 
Industries Ltd 


He was Works Manager of a firm of 


general engineers before joining the Dye- 
stuffs Division of I.C.1. Ltd. in June 1940, 
as an Inspecting Engineer. When the Central 


NEWS AND ANNOUNCEMENTS 


Inspection Section was started in 1949, Mr. 
Ashworth was transferred to join it in the 
Manchester area. In 1951 he was promoted 
to Senior Area Inspecting Engineer, in 
charge of the Glasgow area. During these 
periods he had considerable experience with 
all types of welding and welding materials. 
He was promoted to his present position in 
1956, and still maintains his interest in 
welding 


Further biographies of authors are given 
on p. 502. 


BRANCH NEWS 
Sessional Programmes 


16th Oct.—Chairman’s address “*Hard- 
facing by welding”, by M. Riddihough. 

13th Nov.—* Reinforced pressure vessels” 
by P. J. Palmer. 

3rd Dec.—Annual Dinner (Grand Hotel, 
Birmingham) 

lith Dec.—*Reactions and metal transfer 
in arc welding” by D. R. Milner. 

22nd Jan.—‘‘/mproved steels and their 
weldability” by F. J. Wilkinson 

19th Feb.—*Resistance welding research” 
by E. J. French 

18th March—*High production with auto- 
matic welding” by J. A. Lucey. 

30th March—Visit to Corby Works of 
Stewarts and Lloyds Ltd. 

8th April—Annual General Meeting, and 
Technical films. 
Except where otherwise stated, meetings 

will be held at the Grand Hotel, Birming- 

ham, starting at 7.30 p.m. 


East of Scotland 


16th Sept.—Chairman’s Address by J. F. 
Wheeldon—7.30 p.m., 25 Charlotte 
Square, Edinburgh 

7th Oct. 
Ltd., Paisley 


16th. Oct.—** Recent developments in electric 
welding” by A. Bean—7.30 p.m., 
Gordon’s College, Aberdeen (joint with 
Aberdeen Mechanical Society). 

3rd Nov.— “The 250ft diameter radio tele- 
scope at Jodrell Bank” by C. N. Kington 
(with film “The whispering giant”) 
6.15 p.m., Adelphi Hotel, Edinburgh 
(joint with Institution of Structural 
Engineers) 


Works visit to Pressed Steel Co. 
7.0 p.m. 


Social evening (tentative). 


27th Jan.—Lecture on metallurgy by L. M. 
Gourd—7.30 p.m., 25 Charlotte Square, 
Edinburgh. 


8th March—**Preheating and stress relieving 
power sources’ by R. McGlashan 
7.30 p.m., Lyceum Gallery, Atholl 
Crescent, [Edinburgh (joint with Edin- 
burgh Electrical Society). 

30th March—* Welding and the draughts- 
man” by . B. Merriman—7.0 for 
7.30 p.m., North British Station Hotel, 
Edinburgh. 


13th April—Annual General Meeting and 
film show—7.30 p.m. 


—Dec. 


7th Oct.—‘“The importance of welding re- 
search for industry” by R. Weck. 

21st Oct.—** Welding and the draughtsman” 
by H. B. Merriman—7.15 p.m., Lecture 
Room, Hyde Technical School, Hyde. 

4th Nov.—*Fabrication of the Bradwell heat 
exchangers” by B. K. Twigg and A. R. 
Muir. 


2nd Dec.—‘Questions about welding” 
answered by panel of F. Koenigsberger, 

E. J. Heeley, R. Bushell, E. H. Lee. 
6th Jan.—‘‘/nspection and interpretation of 

welding codes” by C. Atkinson. 
3rd Feb.—** Welding in the modernization of 

the railways” by P. S. A. Berridge and 

G. D. S. Alley. 
2nd March—“Welding in the structural 

industry” by A. V. Hooker. 
6th April—Annual General Meeting and 

film show. 

Except for the meeting on 21st October, 
all meetings will be held at the College of 
Technology, Manchester, beginning at 
7.15 p.m. 


Ist Oct.—Chairman’s Address by R. A. 
Exton. 

Sth Nov.—‘“7he safe use of radioactive 
sources in shipbuilding and engineering 
industries” by R. Bentley. 


3rd Dec.—**Welding in the production of 
marine oil engines” by J. A. Dorrat. 

Ith Jan.—‘“Welding of the boilers for 
Bradwell atomic power station” by P_E. M. 
Jones and K. Twigg. 


4th Feb.—** Welding and ship salvage” by 
E. P. Wilson. 

3rd March—* Welding from the standpoint 
of the rules of the American Bureau of 
Shipping” by R. T. Young. 
March— Works visit (tentative). 

7th April—*Ship steel” by T. W. Bushell. 
April—Annual General Meeting. 
Meetings are normally held at the Mining 

Institute, Neville Hall, Newcastle on Tyne, 

at 7.0 p.m. 


14th Oct. 
College). 

18th Nov.—‘* Welding problems in the atomic 
energy field” by F. S. Dickinson (Harris 
Technical College). 

9th Dec.—* Metal spraying developments” 
by W. E. Ballard (Harris Technical 
College). 

14th Jan.—‘“Oxy-acetylene welding of non- 
ferrous metals’ by E. A. Foreman 
(Municipal College, Burnley). 

10th Feb.—**Plastics materials in engineer- 
ing” by A. Clarke (Joint meeting with 
Institution of Production Engineers), 
(Harris Technical College). 


Film evening (Harris Technical 
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26th Feb.—“The inquisitive giant™ (Jodrell 
Bank radio telescope) by C. N. Kington. 
(Technical College, Barrow-in-Furness) 

%h March—Films and discussion evening 
(Harris Technical College) 


Meetings begin at 7.15 p.m. 


Sheffield 


12th Oct.—*Welding of light alloys” by 
W.A. Woollcott 


9th Nov.—Talk and film on the Berkeley 
Nuclear Power Station project 

14th Dec.—‘Fabrication of heavy steel 
components” by W. Plews (Joint meeting 
with Sheffield Branch of the Institution of 
Production Engineers) 

4th Jan.—Annual Dinner (Royal Victoria 
Hotel, Sheffield) 

lith Jan.—‘“High vacuum: its production 
and use” by L. G. Beckett (Joint meeting 
with the Rotherham Engineering Society) 
(Rotherham Technical College) 

8th Feb.—‘‘A practical approach to the 
problem of distortion” by J. S. Waring 

14th March—“Design, fabrication and 
assembly of walking dragline excavators” 
by C. McL. Cameron 

lith April 


films 


Annual General Meeting and 


Meetings will be held at The Grand Hotel, 
Sheffield, starting at 7.15 p.m 


Southern Counties 


1Sth Oct.—"‘Selection and use of arc- 
welding processes” by E. Flintham 

19th Nov.—‘‘Application of welding” by 
QO. W. Lipton 

10th Dec.—‘Welding in aluminium” by 
H. C. Constantine 

21st Jan.—** Welding of spike fuel elements” 
by E. G. King 

18th Feb.“ Welding in atomic energy re- 
search” (tentative) 

17th March—*‘Modern chain making” by 
H. O. Smerd 

21st April 


films 


Annual General Meeting and 


Meetings will be held at the Technical 
College, St. Mary's, Southampton 


Wolverhampton 


Mth Oct. 
Stokes 


27th Nov. 


16th Dec.—** Welding and the draughtsman” 
by H. B. Merriman 


22nd Jan.—Paper on electronics and 
electrics in welding and welding equip- 
ment 


26th Feb. 


25th March—Paper on nuclear engineering 
by S. H. Griffiths. 


13th April 


Chairman’s Address by S. K. 


Paper on strain gauging 


Paper on metallisation 


Annual General Meeting. 


6th May—Annual Dinner and Ladies 


Night. 


Except for the meeting on 16th December 
(for which the venue has not yet been fixed) 
meetings will be held at the Wulfrunians’ 
Club, Barclays Bank Buildings, Lichfield 
Street, Wolverhampton, beginning at 7.30 
p.m 


NEWS FROM INDUSTRY 
Hardfacing electrodes 

A new range of hardfacing welding 
electrodes, “Cobalarc’, has been introduced 
by Quasi-Arc Ltd. The six types of these 
electrodes are graded according to the prop- 
erties of their deposits, with resistance to 
maximum abrasion at one extreme and 
maximum impact at the other. In between, 
the deposits combine varying degrees of 
impact and abrasion resistance as well as 
resistance to corrosive liquids, oxidation, 
and the like. 

The deposited alloys include tungsten- 
carbide composites, chromium-carbide aus- 
tenitic irons, cobalt and nickel base alloys, 
and martensitic, pearlitic, and austenitic 
steels 

The tubular electrodes can be used with 
any conventional a.c. cr d.c. power source, 
and their moisture-proof coverings enable 
them to be stored and used in abnormal con- 
ditions. The maximum size is ¥ in. 


Dual-purpose cutting machine 

A machine that can be used either as a 
magnetic profile cutting machine, giving 
continuous production with great accuracy 
from a steel template, or as a straight line 
and circle cutter, is now available on the 
British market. It is the SIF-Combi, which 
has been introduced by Suffolk Iron 
Foundry (1920) Ltd. 

The duality of the machine is derived 
from the easy detachability of the cutting 
motor head from the frame for separate use. 
It is operated from a 12 volt d.c. supply, 
either direct from a battery or from a 
normal lighting socket through a trans- 
former and rectifier. The machine will 
accommodate a standard SIF Demon 
cutting blowpipe, and will make cuts up to 
§ ft long or will cover a diameter of about 
2 ft 3 in. 


Adhesives for high temperatures 

Two new materials were displayed at the 
SBAC Exhibition at Farnborough by CIBA 
(A.R.L.) Ltd. They are intended to improve 
on existing materials for supersonic air- 
craft and missile structures. 

‘Aeroweb’ Type H is a metal honeycomb 
which has been bonded with a special 
adhesive, enabling the material to be used 
successfully at temperatures up to 200°C 

A further development is the introduction 
of a new ‘Hidux’ 1197 adhesive, which, in 
film form, is available either for metal-to- 
metal bonding or for the fabrication of 
honeycomb sandwiches 


High alloys in thin sheet 


The Alloys and Metals Department of the 
Union Carbide International Company 
have announced the availability of several 
high-temperature alloys in wider cold- 
rolled thin-gauge sheets than could pre- 
viously be obtained. Sheets are now being 
rolled in sizes 36 in. wide by 96 in. long and 


0-010 in. thick. Alloys currently available in 
this form are Haynes alloy No. 25, Multi- 
met alloy, Hastelloy R235, and Hastelloy X 


Thin wire welding of sheet 


A new inert-gas welding process, using 
small diameter wires and a short arc, has 
been developed by the Linde Department of 
the Union Carbide International Company 


Linde *short-arc’ fine wire welding gun 


The ‘Short-Arc’ welding process uses a 
constant-potential power source with a 
drooping characteristic, and operates in a 
range 30-125 amp at 14-19 V, using 
0-03 in. dia. wire. On very thin material 
wires of 0-02 in. dia. can be used 

Argon shielding is used for welding 
metals like aluminium, copper and Everdur, 
whilst for stainless steel and carbon steels a 
mixture of argon/oxygen or argon/CO, gives 
a better deposit 


Economy in cutting 

The new ‘Lightning Cutter’ produced by 
the D. S. Baddeley Engineering Co. Ltd 
has been designed to effect great economies 
in the consumption of oxygen and fuel 
gases. According to the type of nozzle fitted 
it can be used for acetylene or other fuel 
gases, and is capable of cutting thicknesses 
from } to 14 in. It can also be used for 
stripping rivet heads and for gouging. 


Cheaper electrodes 

As a result of the recent reductions in the 
price of hot-rolled mild steel rods, Quasi- 
Arc Ltd. have announced that they are 
reducing the price of their arc welding 
electrodes in the United Kingdom as from 
Ist October 1959 


New power source for inert-gas welding 


Quasi-Arc Ltd. have added a new con- 
stant-potential rectifier to their compre- 
hensive range of welding plant 

The MRF.600L machine provides a truly 
flat characteristic over its entire working 
range. The welding output is always main- 
tained at its preset value, for any fluctua- 
tions in the mains supply are instantane- 
ously compensated. These features are 
made possible by the use of a novel mag- 
netic amplifier controlled circuit, which also 
permits remote control of welding condi- 
tions and provides a high open circuit 
voltage for easy arc initiation. The arc 
voltage is variable continuously between 20 
and 38 volts with a current range of 200- 
600 amp. 





Cutting holes in spheres 

In the construction of pressure vessels for 
the Bradwell nuclear reactor, control 
apertures have to be cut through the 3 in 
thick curved shell of a 70 ft dia. spherical 
To enable the contractors, Whessoe 
Ltd. of Darlington, to do this work with 
accuracy and as automatically as possible, a 
special machine has been constructed by 
Hancock & Co. (Engineers) Ltd. of 
Croydon 

The ‘working’ end of the machine is 
shown in the accompanying illustration. It 
is supported on two beams that pivot at one 
end on a pintle located at the top dead 
centre of the spherical vessel. At the other 
end they ride on a horizontal circular rail 
temporarily mounted on the body of the 
vessel 

An optical device fitted to one beam en- 
sures accurate location of the cut. After the 
basic setting-up of the machine cutting is 
entirely automatic, except for the remote 
manual control of the burner height. The 
single burner cuts holes parallel to the 
vertical axis of the vessel but can be ad- 
justed to cut accurate top and bottom bevel 
edges to the initial vertical cut 


V essel 


Standard flat-roof buildings 


A standard steel framed construction for 
a flat roof or monitor roof building of 
single or double storey height has been 
designed by Sanders & Forster Ltd. It is 
claimed that the fullest economy has been 
achieved in this form of construction by the 
use of the Plastic Theory at the design 
Stage, the maximum use of the new uni- 
versal beams, and the simplicity of the 
design of all structural members 

The construction allows complete flexi- 
bility in the specification of module, eaves 
height, superimposed loading, and wind 
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Hancock device for cutting 
holes in spherical domes of 
Whessoe constructed pres- 
sure vessels 


Rockweld Vus ‘Vertomatic’ 
electro-slag welding machine 
set up for welding a thick 
plate cylinder 


loading. The span is built up of one or more 
central units, of any chosen dimension, and 
a proportional end unit at each side. These 


end units are made at 0°85 of the width of 


the chosen dimension so as to allow a con- 
stant depth of main beam to be main- 
tained throughout the complete width of 
the building 


Demonstrations of new automatic welding 
equipment 

Recently developed welding equipment 
was put through its paces during a demon- 
stration at the Grafton Road Works of 
Rockweld Ltd. The Rockweld/Vus ‘Verto- 
matic’ electro-slag welding process, ‘Auto- 


pak’ automatic welding equipment, the 
‘Comet’ CO, welding process, and an 
‘Oxyarc’ cutter were all shown in operation 

The Vertomaticelectro-slag welding mach- 
ine, which is to be described more fully in a 
paper by D. W. J. Boag and W. K. B 
Marshall in the November issue of BW, 
welded up, for demonstration purposes, two 
short lengths of 2} in. thick plate. After the 
initial period required for building up a 
molten slag bath, welding settled down to a 
continuous rhythm, almost noiseless except 
for the click of the electronic controls as the 
special composite electrode wires were 


moved across the joint, and as the water- 
cooled copper shoes were raised step by 
step as the liquid weld metal solidified. The 
introduction of composite wires in the 
Rockweld machine has led to improved 
mechanical properties of the weld metal in 
relation to the rather large grain size 
associated with this method of welding. It is 
claimed that impact values of 36-50 ft.lb 
V-notch Charpy at room temperature can 
be consistently obtained, with reductions of 
area of 60—-75°,, onall-weld-metal specimens 

The ease of working with the Comet CO, 
process was amply demonstrated, and it 
would seem that this semi-automatic process 
may find many applications in the general 
engineering and fabricating shop. The 
equipment is based on the Autopak trans- 
former and welding head and can, when 
needed, be made fully automatic with the 
Autopak carriage 

The particular advantages of the Comet 
process are in its special composite con- 
tinuous wire, which is a wrapped steel strip 
with channels containing deoxidizing agents 
and slag-forming materials, and the very 
high currents that are possible with CO, 
shielding. The wire size is § in. dia., and by 
varying the current intensity and/or the rate 
of travel, a wide range of fillet or bead sizes 
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is possible with high deposition rates. In 
fillet welds the penetration is particularly 
good, and in butt welds the large root-face 
preparation normally used for submerged- 
arc welding is fully penetrated; the angle of 
vee may also be reduced to about 40 

The weld deposit is particularly low in 
hydrogen so that (if wire, plate, and gas are 
dry) hard-zone cracking is minimized; hot 
cracking of the weld metal is also most un- 
likely with normal rates of travel. Because 
the electrode wire is fed to the gun by 
standard Autopak equipment, the range of 
operation was formerly limited to 15 ft. An 
additional 300 ft of working distance has 
now been made possible by the introduction 
of a special trolley to carry the welding head 
and associated wire drum 

The Autopak automatic welding equip- 
ment is perhaps now sufficiently well known 
not to call for further comment. Its already 
extensive versatility has been increased by 
the addition of a new universal movement 
cradle for mounting on the end of a canti- 
lever boom. This allows limited hand move- 
ments in all directions to compensate for 
mis-alignment of seams relative to the line 
of traverse, or the longitudinal wandering 
of cylinders on rolls. The cradle can also be 
used for final sensitive adjustment after 
approximate positioning of the boom, or 
for adjustment in height in the building up 
of welds in deep grooves 


P. pe cut 


Having shown how successfully metals 
could be welded together Rockweld 
demonstrators also displayed the destruct 
ive capacities of the Oxyarc cutting process 
This uses a coated tubular metal electrode 
through which passes a stream of oxygen 
The high temperature of the arc allows cut 
ting to start immediately without the need 
for pre-heat, and gives a high speed in cut 
ting and piercing. As it can cut oxidation- 
resistant materials and heavily rusted or 
parts, the process has many 
applications for repair work, reclamation 
and demolition, and as a general inexpensive 
rough cutting tool in the foundry and 
fabrication shop 


corroded 


American designed cutting equipment 

As a result of the agreement between the 
Harris Calorific Co. of Cleveland, U.S.A., 
and British Industrial Gases Ltd., announ- 
ced in the June issue of BWJ some of the 
latest American designed cutting eqguip- 
ment is now being made and distributed in 


Britain 


The equipment was recently demon- 
strated at the Enfield works of BIG, and in- 
cluded a completely new regulator, oxy/fuel 
gas cutting torches, and a cutting system for 
profiling with propane gas 

The 77N multi-stage gaugeless regulator 
has been designed with operational safety 


B.1.G. multi-stage gaugeless regulator 


B.1.G. dual regulator for controlling pre-heat 


Pauses 


ind accuracy in mind. The full cylinder 
pressure is automatically reduced by 90°, 
when it enters the first stage, and once the 
regulator is set the delivery pressure re- 
mains constant until the cylinder is empty 
The working pressure is selected by an 
idjusting screw, the normal gauge not being 
required. The cylinder contents are indicated 
directly in steps. An additional useful safety 
precaution is the introduction of a sintered 
metal filter in the inlet stem 

The 62 series of cutting torches are made 
for use with low, medium, or high pressure 
acetylene, and with other fuel gases such as 
propane, butane, and coal gas. Special in- 
jector mixers allow the full contents of a fuel 
cylinder to be used, and reduce the con- 
sumption of oxygen, even with propane fuel. 

A particular operational advantage with 
the propane torch is that no trimming of 
the valves is needed after the correct initial 
setting has been made, using a Model 70 
regulator. The torch can also be used for 
gouging, with speeds faster than with dis- 
solved acetylene 


The ‘Cutomation’ system uses propane as 
the fuel gas and has two other special 
features. The use of convergent/divergent 
nozzles reduces the width of kerf and in- 
creases the speed of cutting. An additional 
type 48 DC regulator, between the normal 
preset regulator Model 70, acts as an oxy- 
gen saver. This allows the initial ‘high’ 
pressure preheat flow to be reduced by 75°, 
once the actual cut has started. There is 
thus no wastage of preheat fuel during the 
main cutting operation 

Optimum operational data on these cut- 
ting torches, in tabulated form, can be 
obtained from British Industrial Gases Ltd 


Welding in the Chemical Industry 

The Austrian delegation to the 1958 
Annual Assembly of the I[W in Vienna has 
now pubtished the report of the discussions 
at the Public Session, at which papers on 
“Welding in the Chemical Industry” were 
presented 

The publication is of sixty pages, and 
contains the summaries of the rapporteurs 
who introduced the five groups of papers, 
together with the questions asked in each 
group and the authors’ replies. The report 
is in English, French, and German, but the 
texts in each language are not translated 
into the others 

Copies of the report may be obtained 
from the Schweisstechnische Zentralan- 
stalt, Schumanngasse 31, Wien XVIII, 
Austria, at a price of 75 Austrian shillings 
per copy, inclusive of postage 


CONTRIBUTORS TO THE 
JOURNAL 


B. K. Barber, M.A(Cantab) is Group 
Welding Engineer for John Thompson 
Limited, Wolverhampton. He was educated 
at Radley College and at Clare College, 
Cambridge, where he took a degree in 
Mechanical Engineering 


Mr. Barber served abroad in the Royal 
Electrical and Mechanical Engineers, and in 
1948 he joined the staff of Quasi-Arc Lim- 
ited, where he was concerned with design 
and development problems relating to 
electrode production. He joined his present 
Company in 1954 

N. K. Gardner is a Senior Technical 
Assistant with Handley Page Limited, whose 
staff he joined in 1950. Before then he 
served in the Structures Department of the 
Royal Aircraft Establishment, and in the 
Experimental Engineering Department of 





Westland Aircraft Limited. He also atten- 
ded the Aircraft Design Course at the 
College of Aeronautics. 


In 1955 Mr. Gardner visited several air- 
craft factories in the U.S.A. and in France, 
to examine their spot welding methods 


F. Daintith is Chief Inspector of Electro- 
Hydraulics Ltd., Warrington. He was 
educated at Warrington Secondary School, 
Warrington Technical Institute, and at the 
Walkerville Technical Institute in Canada. 
After an apprenticeship with the Bostock 
Motor Co., Mr. Daintith joined the 
Chrysler Corporation of Canada, and later 
took charge of repairs and testing in the 
Truck and Coach Division of General 
Motors Ltd. of Canada. He then became 
Service Manager in Charge of commercial 
vehicle maintenance. Returning to Britain, 
Mr. Daintith entered the aero-engine 


inspection department of the Aeronautical 
Inspection Directorate. Before taking up his 


present appointment he was for a time 
Superintendent of machine shop inspection 
in the Aero-Engine Division of the Ford 
Motor Co 
Late News 

Anniversary Celebrations 

The Nederlandse Vereniging voor Las- 
techniek (Dutch Institute of Welding) held 
its 25 years Anniversary Celebrations on 
26th September. This coincided with the 
last day of the Welding Exhibition held at 
Utrecht. 

The Institute of Welding was represented 
by its President, Mr. E. Seymour-Semper, 
and representatives also attended from 
Belgium and Germany. A reception is 
held in the afternoon by the President of the 
Dutch Institute, Professor Jaegar, who is 
also a Past President of I.1.W. In the 
evening a very enjoyable concert was pre- 
ceded by a speech from Professor Jaegar, 
who also offered words of welcome in their 
own language to Professor Goldschmidt 
(Founder President of I.1.W.) and Herr 
Gossenheimer, who represented the German 
Institute of Welding. In his remarks in 
English, Professor Jaegar referred to the 
friendly ties between the Netherlands 
Institute and the Institute of Welding, and 
thanked Mr. Seymour-Semper for attending 
the celebrations 


STUB ENDS 


> Mr. L. E. Kent, B.Sc.(Eng.), has been 


elected President of the Institution of 


Structural Engineers for the session 1959-60. 


> Fleming Safety Equipment, 146 Clerken- 
well Road, London E.C.1, have published a 
booklet “Eyes at Work”’ describing tough- 


NEWS AND ANNOUNCEMENTS 


ened corrective/protective lenses, and giving 
information on their prescription and dis- 
pensing. 

> Flexible Drives (Gilmans) Ltd., Carlton 
House, High Street, Smethwick, Staffs., 
have recently been appointed sole distri- 
buting agents for Tyrolit profile grinding 
wheels and shapes, and Tyrolit Secur 
cutting-off discs in the U.K., India, Austra- 
lia, New Zealand, Eire, and all colonies of 
the British Commonwealth. 


> A-I Electric Welding Machines Ltd. 
announce the opening of entirely new 
offices in Birmingham to handle the rapidly 
increasing volume of business throughout 
England and Wales, and to enable them to 
still further improve the services available to 
customers. The new offices are at Grove 
House, Sutton New Road, Birmingham 23 
(Tel. Erdington 1176). The Company’s 
London Office has been changed to Temple 
Chambers, Temple Avenue, London E.C.4 
(Tel. Fleet Street 6660) 

> Murex Welding Processes Ltd. have pur- 
chased the whole of the issued shares of 
Donald Ross & Partners Ltd., the makers 
of Twinner positioners and other mechan- 
ical aids to production, of Crawley, Sussex. 
Donald Ross & Partners will continue to 
operate under the same name and manage- 
ment as in the past 


> The Central London Productivity Associ- 
ation is organizing a one-day conference on 
““Computors for the Small Firm’’. It will be 
held on 22nd October, from 9.45 a.m. to 
4.45 p.m., in the FBI Council Chambers at 
21 Tothill Street, London S.W.1. 


> “Wiggin Nickel Alloys in Industry”, a 
private exhibition of Henry Wiggin & Co. 
Ltd., is being held in Birmingham on 6th 

9th October at The Imperial Hotel, Temple 
Street, lasting four days. It will then move to 
The Midland Hotel, Peter Street, Man- 
chester, where it will be staged from 12th 

15th October 


DIARY 


12th Oct.—Sheffield—‘“Welding of light 
alloys’ by W. A. Woollcott (Grand 
Hotel, 7.15 p.m.) 


13th Oct.—East Midlands——“Some facts 
about iron powder electrodes” by A. B. 
Fieldhouse (Victoria Station Hotel, Not- 
tingham, 7.15 p.m.) 
Liverpool—** Mastering imperfections by a 
code of good welding practice” by C. C. 
Spencer (College of Technology, Byrom 
Street, 7.30 p.m.) 

14th Oct.—Preston—Film evening (Harris 
Technical College, Preston, 7.15 p.m.) 

15th Oct.—Southern Counties—* Selection 
and use of arc-welding processes” by t 
Flintham (Technical College, St. Mary’s, 
Southampton) 


16th Oct.—Birmingham—Chairman’s Ad- 
dress ““Hardfacing by welding’ by M. 
Riddihough (Grand Hotel, 7.30 p.m.) 
East of Scotland—*‘Recent developments 
in electric welding” by A. Bean. Joint 
with Aberdeen Mechanical Society. 
(Gordon's College, Aberdeen, 7.30 p.m.) 

19th Oct.—East Midlands 
(Victoria Station 
7.15 p.m.) 


21st Oct.—Manchester——“‘ Welding and the 
draughtsman” by H. B. Merriman (Hyde 
Technical School, Hyde, 7.15 p.m.) 


Annual Dinner 
Hotel, Nottingham, 
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North Eastern (Tees-side)—Lecture on 
welded structures (Cleveland Scientific 
and Technical Institution, Middles- 
brough, 7.30 p.m.) 

North London—“ Welding of nicke! and 
high-nickel alloys’ by J. Hinde (54 
Princes Gate, 7.30 p.m.) 

West of Scotland—*‘ Welding of pressure 
pipework for high- and low-temperature 
operation” by J. B. Marriott (Institution 
of Engineers & Shipbuilders, Glasgow, 
7.0 p.m.) 


27th Oct.—Eastern Counties—‘* Welding 
and the draughtsman” by H. B. Merriman 
(Norwich) 
Leeds—**Modern fabrication methods in 
the shipbuilding indusiry” by W. Mellanby 
(Gt. Northern Hotel, Leeds, 7.30 p.m.) 


28th Oct.—South London (Medway Sec- 
tion)—** Welding and the draughtsman” by 
H. B. Merriman (Sun Hotel, Chatham, 
7.30 p.m.) 


30th Oct.—Wolverhampton—Chairman’s 
Address by S. K. Stokes (Wulfrunian’s 
Club, Barclays Bank Building, 7.30 p.m.) 


2nd Nov.—West Wales—‘Class J fusion 
welded mild steel pressure vessels” by 
A. H. Briscoe, and colour film (Swansea 
Technical College, 7.0 p.m.) 


3rd—6th Nov.—Institute of Welding—Joint 
Autumn Meeting with the Société des 
Ingénieurs Soudeurs (54 Princes Gate, 
S.W.7) 

3rd Nov.—East of Scotland—*‘The 250 ft 
diameter radio telescope at Jodrell Bank” 
by C. N. Kington. Joint with Institution 
of Structural Engineers. (Adelphi Hotel, 
Edinburgh, 6.15 p.m.) 


4th Nov.—East Wales——“Locked-up stresses, 
distortion and welding procedure” by E. 
Flintham (S.W. Institute of Engineers, 
Cardiff, 7.0 p.m.) 
Manchester—**Fabrication of the Bradwell 
heat exchangers” by B. K. Twigg and 
A. R. Muir (College of Technology, 
7.15 p.m.) 


Sth Nov.—North Eastern (Tyneside)—7he 
safe use of radioactive sources in ship- 
building and engineering industries” by R 
Bentley (Mining Institute, Newcastle 
upon Tyne, 7.0 p.m.) 


6th Nov.—South Western— Welding Forum 
(Gloucester School of Technology, 7.15 
p.m.) 


9th Nov.—Sheffield—Talk and film on the 
Berkeley Nuclear Power Station project 
(Grand Hotel, 7.15 p.m.) 


11th Nov.—Liverpool——** Welding in warship 
construction” by W. R. Seward. Joint 
with Liverpool Metallurgical Society. 
(International Library, William Brown 
Street, 7.30 p.m.) 
South London—** Welding from the view- 
point of Lloyd’s Register of Shipping” by 
G. M. Boyd (54 Princes Gate, 7.30 p.m.) 


12th Nov.—Eastern Counties—* Fatigue in 
welded constructions” by R. Weck (Col- 
chester) 


13th Nov.—Birmingham—*“ Reinforced pres- 
sure vessels” by P. J. Palmer (Grand 
Hotel, 7.30 p.m.) 
APPOINTMENTS 


(See page facing inside back cover) 
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WELDING LITERATURE 
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Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 
This section is intended to give a survey of the current 
welding literature received by the institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


futomatic Welding (1 

B.W.R.A.) 1959, June. 
Creep of heat-resisting welded steels; part 1: structural 
changes in ISKhMA steel due to creep, N. L. Kareta 
Quality control of resistance-seam welding, A. A. Trushchenko 


Measurement of strain and stress during welding of large parts 
made of St3 steel, A. Kurkin, M. N. Fishkis, V. A. Vinokurov, 
A. S. Gazaryan 

Spectrographic determination of aluminium in Cr-Ni austenitic 
steels and weld metal, E. S. Kudelya 


Manufacture of sheet steel heating radiators by press-forming 
and welding, V. |. Bernadskii, N. V. Zozulya 

Welding of molybdenum, S. M. Gurevich 

Mechanism of hot cracking in welds of single-phase austenitic 
structure, B. A. Movchan 


Reactions between the weld pool and the slag from the view 
point of molecular and ionic theory, V. A. Lapidus 


Equipment for automatic welding of oval section vessels, 
P. I. Sebvo, E. 1. Shinlov 


Arc-spot welding machine MZIP-2 for welding steel plate, 
Yu. A. Moshenskii, Yu. I. Ignatovich 
P. Shalunov 


Quantative spectroscopic determination of boron in welds and 
hardfacings, A. S. Demyanchuk and O. P. Ryabushko 


First Siberian Welding Conference 
E. O. Paton Welding Institute 


S.S.R., translated by the 


Booster transformers, G 


Canadian Welder, 1959, vol. 50, May 


Weldor training at Ontario Hydro, J. | 
All-welded penstock, G. M 


Alexander (14-17) 
Mills (18-19) 


Industry and Welding (U.S.A.), 1959, vol. 32, June 
Economics in designing and manufacturing of welded fabrica- 


tion. Part 2: Manufacturing: processes, material and design, 
J. Mikulak (28-30) 


Welding chrom-moly to carbon steel calls for low hydrogen 
electrodes (31) 


Should you lease resistance welding equipment, R. Sheridan 
(38-9, 60-1) 


What type resistance welding control do you need? (40-42, 
57-61) 

Choosing and using resistance welding alloys (44-5, 55-6) 
Spotwelding speeds joining of sheet metal parts (46-7, 54-6) 
Seam welded design if pressure tight (48) 

Projection welding of powdered metal parts cuts costs (51-2) 


La Pratique du Soudage (Belgium), 1959, vol. 13, 
June-July 


Welding and its applications in a copper foundry and works, 
F. van Bossuyt (117-123) 
Revue de la Soudure Lastijschrift (Belgium), 1959, 
vol. 15, February 
Studies on welded composite beams subjected to bending, P. 
Guiaux (61-81) 


Recommendations for the choice and classification of steels for 
welded constructions of the 1.1.W. 1.1.S. (82-86) 


Brittle fracture—Enquiry of Commission XIII of the 1.1.W./ 
1.1.8. (90-99) 


Experiences of a British firm while fabricating in aluminium, 
D. Slater (106—109) 
Special steels for nuclear energy work, J. A. Stafford (110-113) 


Schweissen und Schneiden (Germany), 1959, vol. 11, 
June 
Welded steel construction for structures and cranes in nuclear 
engineering and isotope production, O. Jungbluth (209-216) 
Materials and welding in reactor construction, W. 
(217-218) 
Pre-fabrication of boiler components, W. Miller (219-221) 


Welding and machining of clad sheets for chemical plant, 
H. Dahms (221-223) 

Examples of welded components made from non-ferrous metals, 
R. Kocher (224-227) 

Welding under the protection of CO,, H. Seifret (228-230) 
Welding in the manufacture of wheels for road vehicles, H. 
Kotthaus (231-232) 

Spot welding in the construction of agricultural machinery, 
K. Neumann (233-235) 

Gas pressure welding of reinforcing steels, K. 
(236-237) 

Application of thermit welding for the repair of machinery parts 
in a mine, E. Tull (237-240) 

Semi-automatic equipment for welding thermo-plastic materials, 
E. Rottner (241-243) 


Liebig 


H. Tiefholz 





CONTENTS OF PERIODICALS RECEIVED 505 


Application of welding in the repair and manufacture of spare 
parts for a rolling mill, K. Weber (244-245) 
The sluice gates of the Bhakra Dam, G. Wickert (246-7) 


New design and manufacturing methods for elements used in 
shipbuilding, H. Dohrmann (248-250) 

Welded Fonton dock (4500 tons) in sectional construction, 
H. Schoof (251-3) 

Modern cranes in welded box construction, F. Herpertz (253 

255) 

A completely welded level luffing crane, H. Biickreiss and H. 
Berthold (256-258) 

Welded box construction for the engine house structure of a 
power station, A. Stoll (258-260) 

Welded and bolted arch type bridge in composite construction, 
H. Krause (260-2) 

50 ton iron ore transporter in welded construction, W. Carl 
(262-4) 

Steam and water fittings in welded construction, H. W 

Braukmann (265-6) 


Schweisstechnik (Germany), 1959, vol. 9, June 

The Leipzig Technical Fair 1959 (193-229) 

Report on a study trip to the Soviet Union, W. Gilde and 
A. Neumann (229-232) 
Soudage et Techniques Connexes (France), 1959, 
vol. 13, May-June 

From the bare wire to the coated wire. Study of short-ciruit 
metal transfer, J. Pintard (165-179) 


Safety measures for the carrying out of welding operations in 
the oil industry, G. Fleury (180-182) 

Comparison of brittle fracture tests. Report of Sub-Commission 
A to Commission IX of the 1.1.W. 1.1.S. (183-196) 

Pulsating pressure fatigue tests, on pressure vessel branch 
connections, P. H. R. Lane (197-202) 


The lining of a steel pressure vessel with titanium, F. F. Ates 
(231-236) 


Varilna Tehnika (Yugoslavia), 1959, vol. 8, No. 1 
Inert-gas arc welding process with regard to the weldability of 
certain metals and alloys, P. Stular (3-12) 


Pressure gas welding of reinforcing iron for concrete, B. 
Mejak and P. Stular (12-15) 


Torch for the welding of plastics, F. Gosar (15-17) 


Varilna Tehnika (Yugoslavia), 1959, vol. 8, No. 2 
Building-up of tool steels in argon shielded atmosphere (carried 
out on turning knives with special regard to the economy), P. 
Stular (26-31) 

Advantages of propane cutting and its use in welding technique 
with respect to the possibilities and circumstances in Yugo- 
slavia, P. Stuler (38-41) 

Practical results of propane cutting in comparison with 
acetylene, P. Cerjak (41-44) 

Characteristics of propane produced by industry in Yugoslavia 
and possibilities of its application for industrial purposes, M. 
Cerovac (45-46) 

Welding of plastics, F. Gosar (47-52) 


Welding Journal (U.S.A.), 1959, vol. 38, June 

Design details for welded highway and railway bridges, M. H. 
Soto (559-564) 

Some considerations on design for fatigue in welded aircraft 
structures, J. Koziarski (565-575) 

Tungsten-arc cutting of stainless-steel shapes in steel-ware- 
housing operations, J. D. Wait and S. H. Resh (576-581) 
Submerged-arc welding speeds assembly of rib arch framing, 
B. J. Brugge (582-3) 

Braze bonding stainless-steel fuel elements for nuclear reactors, 
P. P. King and R. K. McGreary (241s—6s) 

Corrosion characteristics of Types 304 and 304L weldments, 
M. W. Marshall (247s—250s) 


Vacuum diffusion joining of titanium, E. J. Clark (251s—8s) 
Weld corrosion in Type 316 and 316L stainless steels and 
related problems, M. E. Carruthers (259s—267s) 

Solder bonding aluminium to uranium, H. W. Mishler, J. T. 
Niemann, R. P. Sopher and D. C. Martin (268s—272s) 


Welding News (Holland), 1959, No. 100, April 


Activities of the Dutch Philips’ Sales organisation in the field of 
welding-education, J. W. A. Stemerdink (3-9) 


Welding in Denmark (10-12) 

Research of the welding arc by means of a high-speed camera, 
L. F. Defize (13-14) 

Spherical vessels welded with Philips electrodes, J. W. A. 
Stemerdink (15-17) 

Some practical hints regarding the Philips stud-welding process, 
J. A. N. Clevers (20-22) 


The use of CO, gas for the Philips automatic welding machine, 
J. Camerlink (23-25) 


Welding Production (U.S.S.R., translated by the 
B.W.R.A.), 1959, June 


Modification of weld metal in welding aluminium, A. A. Alow 
and G. V. Bobrow 

Features of modification of seam welds by titanium in automatic 
welding of medium-carbon steels, K. K. Khrenow, L. A. 
Pozniak, Gu. A. Guzvenko, M. S. Samotriasow 

New austenitic electrodes for welding the 1KhI3N18V2BR 
steel, A. E. Russian and M. X. Shoroschorow 

Control and correction of the ferritic phase quantity of the 
weld and base metals in welded joints of austenitic steels, A. E. 
Runow, S. A. lodkowsky, N. N. Sashikhin 

Weld joints characteristics of the 10KhGN steel, M. M. 
Kraichik 

Problems of alloying welded wrought aluminium alloys, S. V. 
Lashko-Avakian and N. F. Lashko 

Fatigue strength of electro-slag weids in O8GDNFL cast steel, 
B. A. Kokh, B. G. Yungelson, V. A. Bykow, G. N. Vsevolodow 
Comparison of methods for the appraisal of weld-metal 
porosity, G. D. Nikiforow 

Effect of the gap in fillet welds on the depth of penetration, 
A. L. Vassiliew 

Experience in air-arc cutting for gouging out weld roots, 
V. 1. Melnic, A. V. Muraview 

Gas-cutting without distortion, N. M. Varfolomeew 

Device for automatic flame extinction at flashback, V. D. 
Nechaew 

Effect on health of M-9 type rutile electrodes, E. 1. Worontsowa, 
T. S. Karacharow 

Machine for oxygen-cutting of tube, D. P. Sologub, A. G. 
Fomin 

Arc-stud welder MZIP-2, Yu. A. Moshensky, Yu. I. Ignatovich 
New torches for manual argon-are welding, O. P. Popow 
Review of I. Ya. Rabinovich *‘Arc-Welding Equipment. Arc- 
Power Sources”, 1958, Mashgiz. E. S. Feder, B. A. Diachkow, 
L. N. Kushnarew, S. M. Katler 

Review of V. S. Cherniak, and K. P. Voshchanow, **‘ Young 
Welder’s Handbook”, 1958, V. A. Asriyan. Trudreservizdat 
Soviet Literature on Welding, (Abstracts), V. A. Nevsky 
Foreign Literature on Welding, titles selected by M. K. Savich 


Zvaranie (Czechoslovakia), 1959, vol. 8, June 


Appreciation of a creative activity, A. Schweichofer 
Electro-slagwelding with regard to heat-kinetics, J. Lombardini 
Application of experiences in heat-kinetics in electro-slagweld- 
ing heavy sheets, L. Pliva 

Fusion butt-welding of larger section of aluminium with copper 
Development and application of welding in the Chinese People’s 
Republic, J. Svercl 

Automatic slagwelding in the production of workpieces to be 
welded by wavy tubes, F. Pospisil 

Plasma arc torches 
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Other Journals 


Discussion on Optical marking and auiomatic plate production, 
by W. R. Mellanby (Trans 
Engineers and Shipbuilders, vol. 75, Part 7, May-June 1959, 
pp. D77-D88) 

Silver brazing water fittings, R. J. 
Magazine, vol. 20, June, pp. 315-318) 
Eddy currents track non-ferrous tube faults (Metal working 
Production, 1959, vol. 103, No. 23, 5 June, pp. 996-998) 
Ultrasonic testing of products of the iron and steel industry, 
H.-J. Kopinek, H. Krachter, and W. Rauterkus (Stahl und 
Eisen (Germany), vol. 79, No. 11, 28 May, pp. 786-797) 
X-ray and ballistic missiles, J. L. Barclay (pp. 73-9); Use of 
the beam deflector to ultrasonically test bronze castings, J. C. 
Smack (pp. 85-88); The rotary radiographic scanner, an aid to 
the inspection of swaged tubing, A. H. Hammer (pp. 89-91); 
New industrial X-ray system halves radiographic inspection 
costs, B. F. Bower (pp. 93-95); Complementary roles of 
destructive testing in development programs. Panel discussion 
(pp. 97-106) ( Nondestructive Testing, 1959, vol. 17, No. 2, 
March-April) 

Inspecting and testing mild steel welds, R. M 
Zealand Engineering, 1959, vol. 14, May, pp 


Flint (Machine Shop 


Robb (New 
163-168) 


BOOKS AND PAMPHLETS 


ALUMINIUM DEVELOPMENT ASSOCIATION: Bending aluminium. 
London, A.D.A., 1958. (A.D.A. Information Bulletin, No. 24) 

AMERICAN PetTROLEUM INstrruTE: A.P.I. Std. 12G: Welded 
aluminium-alloy storage tanks (tentative). Dallas, A.P.1. 1957. 
(Price 10s 3d) 

AMERICAN SocieTy OF MECHANICAL ENGINEERS: Annual report, 
for the year October | to September 30, 1958 

ASSOCIATION OF SPECIAL LIBRARIES AND INFORMATION BUREAUX: 
The work of 4slib for the vear ended 1957 London, Aslib, 
1958 

BLopGetr, Omer. The efficient use of welded steel in machine 
design. (Paper No.58-A-—223). New York, A.S.M.E., 1959. 
(Price 80c) 
BrRiTIsH ELECTRICAL AND ALLIED MANUFACTURERS’ 
rion: Leading the world. London, Beama, 1959. 
THe BririsH IRON AND STEEL RESEARCH 
Report, 1958. London, 1959 

Bureau Veritas: International Register for the Classification of 
Shipping and Aircraft 
The 1958 rules for the construction and classification of steel 
ships. Paris, Bureau Veritas, 1959 

CazauD, R.: Fatigue of metals. Translated by A. J. Fenner, with 
a foreword by H. J. Gough. London, Chapman & Hall Ltd., 
1953 

ELECTRICAL RESEARCH 
Leatherhead, 1958 

The Engineer: Buyers Guide, 1959. London, 1959 

Furnt, G.: The corrosion-resistance of welded nickel molybdenum 
alloys. London, Institute of Metals, 1958. (Offprint No. 1913.) 
7 pp. 

FRANK, R. G. and ZIMMERMAN, W. F.: Materials for rockets and 
missiles. New York, Macmillan Co., 1959. (Price 31s 6d) 
Great Britain. Ministry of Supply. Armament Research and 
Development Establishment. Materials Exp!osives Division. 
Assessment of 5 MeV linear accelerator. Part Data for 
practical radiography, by C. G. Pollitt, R. L. Durant, and 
B. J. Vincent. (A.R.D.E. memorandum (MX) 19/59). Fort 

Halstead, Kent, April 1959 


ASSOCIA- 


ASSOCIATION: Annual 


ASSOCIATION: 38th Annual 


Report 


Grover, La Morte, editor. Manual of design for arc welded steel 


structures. Rev. ed 
(Price 25s) 

Hicks, RAYMOND: Theoretical analysis of the stresses induced in a 
spherical pressure vessel due to the constraining effect of a 
cylindrical skirt. (Proceedings of the Institution of Mechanical 
Engineers, 1958, vol. 172, No. 21). 

Hoyt, W. B.: Strength of welded joints in low-alloy steels at 
elevated temperatures. New York, A.S.M.E., 1958. (A.S.M.E. 
Paper 58-PET-34.) 

Hunter, DonaALD: Health in industr) 
1959. (Price Ss) 


New York, Air Reduction Co., 1958. 


London, Penguin Books, 


North East Coast Institution of 
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INDIAN STANDARDS INSTITUTION: 18:812-1957. Glossary of 
terms relating to welding and cutting of metals. New Delhi, 
L.S.1., 1958. 
1S.1278-1958. Specification for filler rods and wires for gas 
welding. New Delhi, L.S.1., 1958. 


INSTITUTE OF METALS: Advances in inspection techniques as aids 
to process control in non-ferrous metals production. A sym- 
posium held in London, | May 1958. London, Institute of 
Metals, 1958. (ILM. Monograph and Report series No. 24). 
Contents: Automatic gauge control in rolling mills, R. B. 
Sims; The accuracy of strip-thickness measurement by beta 
and gamma absorption, E. B. Bell; Measurement, inspection, 
and automatic process control in the steel-strip finishing 
and tin plate industry, S. S. Carlise and J. H. Wilson; The use 
of ultrasonic testing for the control of quality in the manu- 
facture of aluminium alloys and other non-ferrous materials, 
J. G. Harris and J. Crowther; Instrumentation in ultrasonic 
flaw detection, D. G. W. Claydon; Use of a search-coil 
apparatus for eddy-current testing of copper and its alloys, 
N. B. Harvey; The inspection of tubes for flaws and varia- 
tions in thickness, J. B. C. Robinson and L. T. Perriam; 
Recent advances in radiographic techniques, R. Halmshaw; 
An instrument for measuring the gas content of aluminium 
alloys during melting and casting, C. E. Ransley, D. E. J. 
Talbot and H. C. Barlow; Control analysis of aluminium 
alloys and copper alloys using self-recording spectrometers, 
M. Milbourn and J. A. F. Gidley. 


INSTITUTION OF CHEMICAL ENGINEERS: Regulations for the 
admission of student, graduate, and corporate members, and for 
the examination of the Institution. London, 1.C.E., 1958. 

INTERNATIONAL INSTITUTE OF 
Vienna, 1958. 

Catalogue of publications relating to welding and allied 
processes exhibited on the occasion of the assemblies of the 
IIW. Section IV. Paris, L.1.W., 1959. 

INTERNATIONAL TIN RESEARCH CoUNCIL: Annual Report 1957. 

Greenford, T.R.L., 1957. (Publication 274.) 


James F. Lincotn ARC WELDING FOUNDATION: Arc 
projects for the school shop. Cleveland, 
1958. 
4rc welding in machinery design and manufacture: a reference 
manual of ideas for the efficient use of steel in machine design 
Cleveland, The Foundation, 1958. 

Farm equipment welding plans. Cleveland, 
1958 

Mo.Loy, E.: Questions and answers on oxy-acetylene welding. 
London, George Newnes Ltd., 1958. 

NEUMANN, J. ALEX and BockHorr, FRANK J.: Welding of 
plastics. New York, Reinhold Publ. Corp.; London, Chapman 
& Hall Ltd., 1959. 

Pope, J. A., editor. Metal fatigue 
Ltd., 1959. (Price 70s) 


SAHMEL, PAUL: Schweisstechnische Gestaltung im Stahlbau 

(based on a course in welded construction for technologists 
prepared by the German Welding Institute). Disseldorf, 
D.V.S.; Braunschweig, F. Vieweg & Sohn, 1957. (Fach- 
biichereihe “Schweisstechnik” Band 12.) 
Contents: Part 1, Basic principles of the strength of materials, 
stress distribution and calculations for various kinds of stress 
in tension, compression, bending, shear and torsion; Part 2, 
Statics; Part 3, The weld seam; Part 4, Welded construction 
in general. 


Steigerung der Wirtschaftlichkeit und der Produk tivitdt durch die 
Schweisstechnik (Rising economy and productivity through 
welding technology). Diisseldorf, D.V.S.; Braunschweig, 
F. Vieweg & Sohn, 1957. (Fachbichereihe ““Schweisstechnik”’ 
Band 13.) 

A collection of 26 papers given at the Jubilee meeting of the 
German Welding Institute (D.V.S.) held in Essen in June 
1957. 

Srissit, Fritz: Entwurf und Berechnung von Stahlbauten (The 
design of steel structures). Vol. 1: Grundlagen des Stahlbaues 
(Fundamentals of steel construction). Berlin, Springer Verlag, 
1958. (Price £4 15s) 

WELDING RESEARCH COUNCIL: Bulletin Series No. 50. Stresses 
in spherical vessels from local loads transferred by a pipe. 
Additional data on stresses in cylindrical shells under local 
loading, P. P. Bijlaard. New York, A.W.S., May 1959. 
(Price $2.00) 


WELDING dnnual Assembly, 


welded 
The Foundation, 


The Foundation, 


London, Chapman & Hall 





On the surface... 


one abrasive wheel might appear to be as good as another. But not 


so when you actually get down to cleaning up surfaces. Prove it by experiment... 


TAKE THE NEW NORTON BDA REINFORCED WHEEL 


Compare it with any other for speed of cut, length of life, quality of finish and built-in safety. Use 
this new Norton BDA Wheel on any current surface cleaning job and you'll quickly see it has 
qualities that give you more work per hour, more hours per wheel and better work persistently. 
Specify the new Norton BDA Wheels for weld grinding and all surface cleaning operations; use 
Norton BD Wheels for cutting, slotting and nicking. Norton’s new BDA Wheels, and of course the 
BD Wheels, are available ‘‘off the shelf’? from your local Norton or Alfred Herbert Depot. Get in 


touch with it, or write... 


NORTON GRINDING WHEEL CO. LTD. 

Welwyn Garden City, Herts. Tel. Welwyn Garden 3484 (15 lines) 
ABRASIVES Enquiries also to: 

ALFRED HERBERT LIMITED * COVENTRY « Telephone: Coventry 8922/ 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. 


® Trade Mark of Norton Grinding Wheel Co. Ltd. @ svoasine 
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equal to the 


extra service 


demanded 


ORDER 
FROM THE 





BRITISH WELDING 


JOURNAI 








Illustrated above is a Dust Cover for 
hydraulic machinery with an overall 
length of 23 feet, sliding doors at side 
and removable top covers. The main 
frame is of all-welded construction. This 
is just one of the many examples of Steel 
Fabrications by Thos. Marshall & Son Ltd. 


STEEL FABRICATIONS sy THOS. MARSHALL 


& SON LTD. 
WELLINGTON BRIDGE, LEEDS, 12 . ‘GRAms: ‘CISTERNS’ LEEDS, 12 - TEL. 32186 (5 lines) 


ANGLO- 











ELECTRIC WELDING CO. LTD 





FIRST CLASS WELDING UNDER 
THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade 
welding repairs to boilers, castings, machine parts, 
etc., with expert technicians, for Fabrication work, 
Structural Steel work, Tank construction and 
Electric Stud Welding. 


ANGLO-SWEDISH eEcectric wetoine co. trp 


Head Office: WOOD WHARF - GREENWICH * LONDON SE10 
Telephone: GREenwich 2024-5 COL 0 UR 


Phone, Call or write us NOW for immediate service 


LONDON - GLASG Ow .- LEITH BROCHURE THIS DESCRIPTIVE COLOUR 


BROCHURE SENT FREE ON 


NEWCASTLE - LIVERPOOL REQUEST 
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4 heavy gauge 
aluminium 


Argon-ar 


Enthusiasm for perfection 


Marston Excelsior have been fabricating components to the exact- 
ing standards of the United Kingdom Atomic Energy Authority 
for more than twelve years. In nuclear engineering and wherever 
the welding of non-ferrous metals is called for, Marstons turn out 
a first-class job. 


MARSTON EXCELSIOR LIMITED 


(A subsidiary of Imperial Chemical Industries Limited) 


ans Wolverhampton. 


MAR 248 





tangents 


plates 


STUFF! 


But quality, not mere size, is the major concern at Millspaugh. 


Some of the most modern plant in the country spares no pains to make 
Millspaugh fabrications more than a match for the heavy work 


they are built to do. Auto-Union melt apparatus for seam-welding ; 
tadiographic testing; stress relieving in Millspaugh’s own furnaces. 


For heavy duty fabrications, look to MILLSPAUGH. 


PRESSURE VESSELS 
AND CHEMICAL 
STAINLESS STEEL, 
NICKEL 


WELDING AND FABRICATION BY 


MEMBER OF THE HADFIELD GROUP OF COMPANIES 


MILLSPAUGH LIMITED : ALSING ROAD 


LtoNoOoON PARIS ROUEN 
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This Ammonia Storage Tank is 25 ft. between 
diameter, made of 1" shell 
at the heads), weighs 45 tons fully 

X-Rayed and stress relieved. 


——> 
-. FS one 
ee a 
ae. PER 
Wt 


MILLSPAWG| 


SHEFFIFL} 


TRESS BR 


‘ 


Auto-Union Melt installation seam - welding 
a Millspaugh Pressure vessel. Pressure 

vessels are constructed to all codes including 
ASME, AOTC and LLOYDS. 


REFINERIES FABRICATED STRUCTURES FOR 
PLANTS IN MILD AND STEELWORKS PLANTS AND ROLLING 
CLAD AND MILLS AND ELECTRIC ARC PURNACES 


PLATE. FROM 3 TONS TO 100 TONS. 


SHEFFIELD 9 : ENGLAND 


MONTREAL . OWEN SOUND 





Now the amazing... 
“SHORTSTUB” & “TERRIER” 


ELECTRODE HOLDERS made under Us. Patents No. 2,364,507 and No. 2,364,508.) 


Are available immediately thoughout the U.K. 





%* Greater Economy—saves electrodes 
*% Greater Durability—outlasts other holders 3 to | 
*% Greater Safety—1!00°% insulated, 100% safer 


FREE DEMONSTRATIONS AND FULL SALES SERVICE 
NOW AVAILABLE FROM 


COURTBURN REPRESENTATION 


“SHORTSTUB” Mode! No. 4. 
400 amps. £2 7s. 6d. ex. works. 


“SHORTSTUB” Model No. 6. 
600 amps. £2 15s. Od. ex. works. 


“TERRIER” Mode! No. T/400. 
400 amps. £2 7s. 6d. ex. works. 


“TERRIER” Mode! No. T/600. 
600 amps. £2 15s. Od. ex. works. 





Mr. P. Carpenter, 21 Bedford Street, Sunderland. 
Tel: Sunderland 71406 


Mr. Parsons, Church Way, Wellingborough. 
Tel: Wellingboro’ 3749 


Mr. Warwick, 36 Cannon Close, Gibbett Hill, 
Coventry. Tel: Coventry 68002 


Mr. E. W. Sykes, 39 West Close, Wembley. 
Tel: Arnold 4273 


Mr. L. Walker, 22 Loughborough Park, 
London. Tel: Brixton 5829 


STOCKISTS 


Saturn Industrial Gases Ltd., Gordon Road, Southall, Middlesex. 

Tel: Southall 5611 

Saturn Industrial Gases Ltd., Middlemore Lane West, Aldridge, Staffs. 

Tel: Aldridge 52023/5 

Saturn Industrial Gases Ltd., Pallion, Sunderland. Tel: Sunderland 2814/5 

Saturn Industrial Gases Ltd., Tenax Road, Trafford Park, Manchester 17 

Tel: Trafford Park 0700 

Saturn Industrial Gases Ltd., 17 Watt Road, Hillington Industrial Estate. 

Glasgow, S.W.2. Tel: Halsway 1601/2 

Saturn Industrial Gases Ltd., 219 Penistone Road, Sheffield 6. Tel: Sheffield 343191 

Saturn Industrial Gases Ltd., Mill Lane, Lymington, Hants. Te!: Lymington 3217/8 

Welding Equipment Service Co., Sedgley Street, Wolverhampton. Tel: Wolverhampton 26040 
Welding Rods Limited, Brightside House, Meadowhall Road, Sheffield 9. Te/: Sheffield 42494 
Welding Rods Limited, 101 Manchester Road, Hollinwood, Oldham 

E.S.A.B. Limited, Gillingham, Kent. Te/: Rainham 82233 

A. S. Young & Co. Limited, Tower Works, Woodside Lane, N. Finchley, London, N.12. Tel: Hillside 6606 
D. S. Baddeley Engineering Co., 43-45 York Street, Glasgow. Tel: City 7726/7 

Thomas Headland Limited, 10 Melon Road, London, S.E.15. Tel: New Cross 4300 

Thomas Headland Limited, 43 Corn Street, Bristol. Te/: Bristol 26756 

Thomas Headland Limited, Severn Road, Cardiff. Tel: Cardiff 30616 

Thomas Headland Limited, 16 Aston Road, Birmingham. Tel: Aston Cross 3100 

Thomas Headland Limited, 38 Gartree Street, Leicester. Te/: Leicester 59561 

Thomas Headland Limited, 84 Constitution Street, Leith. Edinburgh 6. Te/: Leith 38240 
Thomas Headland Limited, 8 Upper Goat Lane, Norwich. Tel: Norwich 25883 

Thomas Headland Limited, 8-9 Upper Banister Street, Southampton. Te/: Southampton 24510 
Industrial Economy Limited, New North Road, Huddersfield. Tel: Huddersfield 5171 

Invicta Electrodes Limited, Bilston Lane, Willenhall, South Staffs. Tel: James Bridge 3131 
Midland Welding Supply Co. Limited, 105 Lakey Lane, Hall Green, Birmingham. Tel: Springfield 1977 
Meridia Eng. Co. Limited, Southport Road, Lydiate, Liverpool. Tel: Maghull 1896 

H. Mabbs & Sons Limited, 12 Tib Lane, Manchester 2. Te/: Deansgate 7673 

Rediweid Oerlikon Limited, 17-27 Kelvin Way, Crawley, Sussex. Te/: Crawley 1271 


COURTBURN 


SUPPLIES LIMITED | 








STANLEY WORKS, KEMPSTON, HARDWICK BEDFORD. Telephone: Kempston 2341 
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REPAIR WELD— 
SAVE MORE 








Lhe Tompnalie. ~ 


‘eUT ECTIC 


— aicove / 


Trade Mark 


Meet LITTLE HUGH-TEC 


This engaging new figure in the welding 
world was created by world-famous poster 
SAVIGNAC to. symbolize 
REPAIR) WELD—SAVE 
MORE with ‘Eutectic Low Temperature 
Welding Alloys’ 


and printed matter the world over as a 


artist how 


industry can 
He will appear on packs 


reminder of Eutectic’s unique ‘Low Heat 
Input’ process for joining all metals. 

The whole concept of ‘Low Heat Input’ 
welding, pioneered and developed by the 
Company over 50 years is based on the 
phenomenon of surface alloying first dis- 
covered by the Company’s founder, 
J. P. H. Wasserman. Today, through the 
use of alloys and techniques exclusive to 


Eutectic, you can bond metals below the 


FREE Send now for literature giving 
fuller information 


SEE for yourself! Ask for our local 
Technical Consultant to give you a free 
demonstration and Weld Savings Report. 


EUTECTIC WELDING ALLOYS CO. LTD. 


NORTH FELTHAM TRADING ESTATE - FELTHAM - MIDDX - Phone: FELtham 6571 





STAINLESS < 
TUBES & / 


FLANGES | oO 


We offer in approved grades of Stainless Steel 


OR TO SPECIAL SIZES 


* ROUND and HEXAGON BAR 


OR SIZE 


Keen Prices—Prompt Delivery 


Send enquiries to Dept. B.W.J. 


Telephone: 1522/23 





* FLANGES MACHINED TO B.S. TABLES 


¥* SOLID DRAWN TUBES—FABRICATED PIPES 


¥* PROFILES CUT TO ANY THICKNESS 


¥* CASTINGS TO CUSTOMERS’ SPECIFICATION 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD 








covering 
readings are 
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The standard 
readings 
obtained by the use 
an be split and 
conductor. Indic 
to be taken minutes after the weld is made. 
Can be used with welders employing synchronous 
and non-synchronous and energy storage controls. 


HIRST ELECTRONIC LTD. 


GATWICK ROAD, 


critical heat range, minimizing the crack- 
ing, distortion and embrittlement associ- 
ated with high heat methods. 

First applied to gas rods, the benefits of 
‘Low Heat Input’ have been brought to a 
unique range of specially formulated alloys 
in paste, flux coated rod and electrode form 
for joining and overlaying applications. 

Eutectic/Castolin research centres in 
U.S.A. and Switzerland are constantly im- 
proving on this impressive range. Plants in 
New York, 


Frankfurt, 


Lausanne, London, Paris, 


Brussels, Vienna, Montreal, 


Sao Paulo, and Mexico City. Repair 
Weld—Save More Sales and Service in 


67 countries. 


PLEASE SEND 
Free literature and data 


Technical Consultant for demonstra- 
tron 


NAME 


BUSINESS 
ADDRESS 


Designed 
to measure 
short pulses 

of heavy 

current 


instrument has 6 ranges 
of 100 to 100,000 amps. The 
of toroids which 
placed around the heavy current 
ition is stored enabling readings 


MAAR 


(Il 


Zz), 


Illustrated leaflet 
sent on request 


\ 


CRAWLEY SUSSEX 





[ut] Translations of monthly Russian 





GL) welding journals 


In pursuing a policy of industrial expansion 
greater than at any other time in its history, the 
U.S.S.R. is vitally aware of the importance of 
welding as a means of increasing output. Its 


Avtomaticheskaya Svarka wr specie age pa a for ; ee 
aiaiaad : ye of research into the principles of welding, 
(AUTOMATIC WELDING) 


fullest possible mechanization of welding pro- 





cesses and the development of weld-fabrication 
techniques to replace uneconomic manufactur- 
ing methods. Few can fail to see the abundant 
evidence of Russian technological growth in 
recent years. 

The principal sources of information about 
this work are the monthly journals Avfomatich- 
eskaya Svarka and Svarochnoe Proizvodstvo. 





Because of their interest and value at all weld- 
. . 
Svarochnoe Proizvodstvo ing levels, cover to cover translations are 
_ _ . :, published in this country by the British Weld- 
(WELDING PRODUCTION) ' “at: 
ing Research Association under a scheme 
sponsored by the Department of Scientific and 
Industrial Research. Checked by B.W.R.A. for 
technical accuracy in translation, they are 
available at a full annual subscription of 
£10 10s* and £5* respectively. 


* 50°. reduction for educational bodies 





-articulars from 


British Welding Research Association 
PUBLICATIONS DEPARTMENT 


29 Park Crescent, London W.1 Telephone LANgham 7485 
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Wl 
Yl/-“Uly 
Wllldlddl, 


YE JE /}™ 
he ‘It's stronger|than original cast iron!” 
Uy 


W 
“yyy Process 101 is the new method of jointing 


cast iron by low-temperature bronze- 


welding—and it produces joints far and 

Yf-oy away superior to any other method. By 

YW means of the new Sifbronze 101 rod and Please send me Process 101 Leaflet and 
a free sample of 101 Rods. 

gishness of flow across the joint face has pceienetechs ‘ 


| 

| 
Y/-Won been completely eliminated. Result is a far 

greater degree of ‘penetration’ of bronze | NAME 

YU. into the parent metal and ‘peeling’ of | 

| 

| 

| 


says Will the Welder 





To Suffolk Iron Foundry (1920) Ltd 
Stowmarket, Suffolk. 


the new Sifbronze 101 Flux, the old slug- 


joints is now a thing of the past. A Process ADDRESS 
WY 101 weld is definitely stronger than the 
Y original cast iron! 
Y If you fill in the coupon below, we will send 
MMU: you full details and a free sample. 


VACU-BLA 
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Vacu-Blast is unequalled for 
weld preparation in the fab- 
rication of pressure vessels. 
Radiographic rejects can be 

reduced considerably by 

the use of Vacu-Blast for 
weld preparation and 
inter-pass deslagging. 


The critical require- 

ments imposed by 
Class | welding 
specifications 
necessitate 





use of this mobile, 
dust free, grit 
blasting process. 








; For further information please refer to: 
VACU-BLAST LTD., BATH ROAD, SLOUGH, BUCKS. swucrkop 





SCHOOL OF WELDING TECHNOLOGY 


COURSES IN NOVEMBER 


WELDED DESIGN AND CONSTRUCTION \ five-day course being organized in collaboration with 

IN ALUMINIUM ALLOYS the Aluminium Development Association for engineers 

9-13 NOVEMBER 1959 and designers to present the latest information about the 
use of welding for the fabrication of aluminium alloys. The 
subjects to be covered include materials, processes, 
design, and inspection. 

WELDING IN SHIPBUILDING This course is being organized for the second time within 

23-27 NOVEMBER 1959 a year because of the considerable interest created by the 
first course. It is intended to provide those who attend 
with the most up-to-date information about all matters of 
importance in the proper and efficient application of 
welding to ship construction. 


THE SECRETARY 

for full details apply THE INSTITUTE OF WELDING 
54 PRINCES GATE 
LONDON S.W.7 








APPOINTMENTS ADVERTISERS’ INDEX 


Anglo-Swedish Electric Welding Co Lincoln Electric Co. Ltd 
Situations Vacant Ltd 


M annesmann-Meer AG Monchen- 


Welding Engineer-Sales Booth John, & Sons Ltd gladbach 
A young, experienced welding engineer ts B tk I oe 4 
required as Departmental Manager by Lon raithwaite & Co. (Engineers) 
jon Company to take charge of the marketing Ltd 

scl 


Marconi Instruments Ltd 
Marshall, Thomas, & Son, Ltd 
electric welding equipment to be introduced British Industrial Gases Ltd Marston Excelsior Ltd 

on the British market. Market survey has Inside front cove Meritus (Barnet) Ltd 

proved this equipment to be competitive, and British Insulated Callender’s Mersev Cable Works Ltd 


the position of Departmental Manager Cables, Ltd | , | 
Metal and Pipeline Endurance 


ar sales { world-famous Scandinavian 


should offer the right man great possibilities 
Pension scheme and various incentives British Oxygen Gases Ltd Ltd 
Applications with fullest possible details Outside back cove ‘ 


should be sent to Box No. 235 British Thomson-Houston Co Metropolitan-Vickers Electrical 


Ltd . Co. Ltd 17,24 
NTREE COLLEGE OF FURTHER g , 
BRAIN TEEDUCATION ESSEX Butterfield, W. P., Ltd Millspaugh Ltd 29 
Milne, C. S. & Co. Ltd 3 
Required as soon as possible Campbell, Malcolm (Plastics) Ltd Morris. B. O.. Ltd 
ASSISTANT GRADE B FOR WELDING Carborundum Co. Ltd., The | 
< ’ f Tu e { 
AND SHEET METAL WORK Conall th Semen Sal Morrison, A. C. (Engineers) Ltd 
CUpe ¢ urner : Murex Welding Processes, Ltd 
Candidates must have a good industrial Courtburn Positioners Ltd 
background and = part-time or full-time Newton Victor Ltd 
eee Distillers Co. Ltd., The 5 Norton Grinding Wheel Co. Ltd 
Salary in accordance with the Burnham Dorman Long (Stee!) Ltd : _s ‘ 
Further Education Report, 1956, within the Nu-Swift Ltd 
range (men): £682 10s. Od to £1286 5s. Od lectrothermal Engineering Ltd 
per annum, depending on training, qualifica y : : ° : " hilips Electrical, Ltd 
tions, and previous teaching or industrial English Electric Co. Ltd., The 
experience. This salary will probably be in Eutectic Welding Alloys Co. Ltd 
creased from Ist October, 1959 . 
Details, and forms (stamped, addressed Flexello Castors & Wheels Ltd 
foolscap envelope) from the Clerk to the 


Governors, Mid-Essex Technical College an . . 
nerz le Co 1., Th 
Market Road, Chelmsford G* eral Electric Co. Lt ; 


Gevaert Ltd 


ancock & Co. (Engineers) Ltd 

H 5 Saturn Industrial Gases Ltd 

Harvey, G. A., & Co. (London) Ne ‘ 

Ltd Siemens-Schuckert (Great Britain) 

A 
Ltd 

Head W rightson Teesdale Ltd ‘ 
The cost of insertions in this column is 3s. 6d Hirst Electron Ltd Smith, Hugh, & Co. (Possil) Ltd 
a line, or 30s. per inch depth semi-display ectronic ‘ Spencer Wire Co Ltd.. The 
Box numbers are added for the additional | ford Ltd Stainless Steel Profile Cutters Ltd 
charge of 2s. 6d. Replies should ne addressed ; 

. . . { 

to Box. 000. Institute of Welding, $4 Princes Imperial Chemical Industries, Ltd Suffolk Iron Foundry Ltd 
Gate, London, S.W.7 Invicta Electrodes, Ltd 


Inside back cover 
Phillips, W. A., Anderson & Co 
Lid 


(QaeeAre Ltd 


Robey & Co. Ltd 
Rockweld, Ltd 








All other matters relating to advertisements enkins. Robert. & Co. Ltd 
for this section of the News should be 


addressed to the Executive Editor, 6 Ridge Johnson, Matthey & Co. Ltd Welding Industries Ltd 
End, Hook Hill Lane, Woking, Surrey Johnson. Richard. & Nephew, Welding Supplies Ltd 


(Tel. Woking 2981) 
: . Ltd Wiggin, Henry, & Co. Ltd. 
Copy should be sent by 6th of each month 


for publi-cation in the following month K odak Ltd Yates Plant Ltd 


Vacu-Blast Ltd 
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Solve your 
production problems 
with 


Philips AUTOMATIC CO, bare wire 


welding process is now available for 
pH i Li ps immediate delivery in Britain. 
With this machine you can speed up 


bare wire mass production of welded parts, 
CO2 welding machine 


for example main chassis members, 
bottled gas cylinders, car wheels. 

And you can get welds protected from 
nitrogen and hydrogen by an 
atmosphere of CO, — which costs 
only a fraction of the price of 

argon. The absence of coating reduces 
the absorption of hydrogen, too. 


Welds very wide range of steel grades. 
Needs no stocks of expensive powders. 
Cuts labour costs by welding faster, 
requiring little attention in repeat 
operations, 

Welds are homogeneous 

with deep and even penetration. 

Arc is self-regulating . 

Nitrogen and hydrogen content low 

— no nitrogen porosity. 


Philips Automatic CO, 

welding machine 

provides automatic wire and CO, feeds 
Travelling carriage moves along rails 
at speed set by operator. Water-cooled 
nozzle independent of main water 
supplies. Single control lever engages 
wire feed, switches on carriage 

motor and arc. 


Component parts and finished vehicle 
chassis side member welded by Philips 
CO, proces;. (Photo by courtesy of John 
Thompson Meteor Pressines Led.) COy, welding, and about Philips 


For further information about Philips 


Automatic welding machine (a product 
of N.V. Philips, Eindhoven) write to 


PHILIPS ELECTRICAL LTD 


INDUSTRIAL EQUIPMENT DIVISION 
Century House, Shaftesbury Avenue, London WC2. GERrard 7777 
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nous Tey 


Always ask for 3 kA 
“ALDA” 


rods and fluxes 


BRITISH OXYGEN SUPPLY ALDA 
the famous range of rods 

ind tluxes. And a complete range 

ot welding accessories— 

trom goggles and gloves 

to friction lighters and wire brushes 

ALWAYS ASK FOR ALDA, 


Write for tully illustrated literature. 


WELOING FAUT} 


as 


(Ko) BRITISH OXYGEN 


British Oxygen Gases Ltd., industrial Division, Spencer House, 27 St James's Place, London, S.W.1. 











